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THE omission of the stady of Natural Science from the course of instioiction 
generally followed in this country, appears a neglect of one of the most impor- 
tant means of intellectual discipline and moral improvement which the Almighty 
has placed within our reach. This study, rightly pursued, has for its object to 
enable us to read with understanding in that bright volume of Creation, the pages 
of which are daily and hourly unrolled before us. To every one do ^ the Heavens 
declare the glory of God," whilst ** the Earth" shows itself <* full of His goodness ;" 
but most of all to him who has learned to interpret the wonders they display ; 
and to trace, in the glorious works by which he is surrounded. His power, wisdom, 
and love. 

As a means of intellectual discipline, the study of Natural Science is perhaps 
second to none. Habits of accurate, discriminating, unprejudiced observation ; 
of cautious reasoning, and of sound judgment ; together with a fearless love 
of Truth, are cultivated by it. Moreover, it has tiie advantage of interesting 
the pupil much more than the greater part of the ordinary routine of instruc- 
tion ; and will tend to increase his desire for the attainment of valuable knowledge 
of any description. Further, at the present day, when Science is constantly 
furni^iing some new and important improvement in those Arts which minister 
so much to our comfort, and in their turn contribute in various modes to the 
expansion of the intellect, the practical benefit of a general acquaintance with its 
principles is sufficiently evident. And whatever portion may be destitute of such 
direct application, will be found to have uses of its own, in furmshing subjects for 
the healthy occupation of the thoughts, and objects of pursuit as rational and 
interesting relaxation. 

No works at present before the public appear to be altogether suitable to this 
purpose ; the greater number of strictly Elementary Treatises on Natural Science 
being littie else than abridgements of larger works ; so that they are much behind 
the present state of science, and are for the most part but inaccurate copies of 
one another, executed in a mechanical spirit, and destitute of the striking novel- 
ties which scientific research is constantly bringing into view. The Publishers 
have therefore determined upon bringing out a connected series of Treatises 
upon the principal departments of Natural Science, designed and executed in 
accordance with the views above expressed. It is intended that these should 
all be founded upon such knowledge as ^vefy person of ordinary capacity 
possesses, and that the attention of the reader should be directed in the first 
instance to phenomena of constant occurrence around him ; and it is hoped 
that by a judicious mode of treating the subject, principles may be gradually 
developed in such a manner as to render th«m fully comprehensible, and their 
more extended application thus marked out. '' The neelecting to form a proper 
connection with previously-acquired knowledge ; the undervaluing the results of 
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PREFATORY NOTICE. 



The following little Work is intended to occupy a place some- 
what intermediate between the simpler elementary treatises on 
Physical science, and the more elaborate works of a professedly 
philosophical character. With the former, it has this in 
common — that the Author has aimed at adapting it to those 
who have no preliminary knowledge of the subject; and 
to carry on his readers, step by step, from the known to the 
unknown, without requiring from them more than an accurate 
acquaintance with the ground over which they have already 
passed. To the latter, the Author ventures to hope it may 
be compared in tbis — ^that the highest principles of the science 
are introduced, and exhibited in their connexion with each 
other, and with the phenomena they govern. He has thus 
endeavoured to give his little work the character of a philoso- 
phical treatise ; whilst, by the number of examples and illustra- 
tions which he has introduced, he has aimed at preventing what 
might have otherwise been its dry and abstruse appearance. 
In this attempt, he has merely followed out the plan which has 
proved successful in the former volume of the present Series. 

The only preliminary knowledge required for the comprehen- 
sion of the whole of this treatise, is an acquaintance with ordinary 
Arithmetic, and with the rudiments of Geometry. The mere 
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beginner is recommended not to attempt to read the work 
straight through; but to omit Chapters Y., VII., IX., and 
XII., until an accurate acquaintance has been formed with the 
rest ; and not to proceed to the Astronomy, until a full acquaint- 
ance has been gained with the Mechanics. 

The Author is well aware, that some parts of this Treatise 
may be deemed verbose and diffuse; and that the numerical 
illustrations may be thought to be too frequently introduced. 
To this he would simply reply, that some experience as a Teacher 
has convinced him of the necessity of explanations much more 
ample> and of illustrations much more complete^ than those 
ordinarily given in <elementary worlis; and that he has 
endeavoured to commit to paper the instructions whidb, when 
delivered verbally, w«re suooessfal in impressing the minds of 
his pupils. The furtherance of this object has compelled him to 
exsend the volume beyond the aize originally, contemplated, and 
it consequently becomes necessary to make a small addition to 
the price of the second Part. 

In conclusion he. would state, that, although a large part of 
the contents of Hub Trealdse is the common property of all writers 
on 'the subject, many statements and illustrations may claim 
some degree of novelty. He thinks it right to add, that he is 
under particular obligation to the works of Professor Moseley, 
of King's College,; Londen,. for, the. aaaistanoe whieh he has 
deriived from tham. in thje fidpst division of this volume ; and to 
the Treatises of Sir J. Herscfael, and Prof. Nichol, for a large 
part of the materials of the Astronomieal poriion of it. 
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CHAPTER XIII. 

OF HOROLOGY, OR THE CONSTRUCTION OF INSTRUMENTS 
FOR THE MEASUREMENT OP TIME. 

39 1 . The divisioQ of time into regular iriterVals was suggestedy 
without doubt, to the first-created of the human race, by the 
movements of the heavenly bodies. From the time when Man 
was placed o^ the globe, and was taught by his Creator to* 
express his thoughts in language, would he give one name to the 
space during which he received the genial warmth and light of 
the San, and another to the interval during which these were 
withdrawn from him. He would soon observe that the lengths 
of the day and night do not always remain equal ; but tiiat each 
increases up to a certain limit, and then decreases in a corres* 
ponding degree ; and that, after this series of changes lias been 
once gone through, it is repeated in precisely the same manner*. 
He could not but notice a similar change in tlie degree of warmth 
received from ike Sun, producing that variation in the seasons^ 
which is so beautifully connected with the changing aspects of 
animated nature; and he would soon perceive that, al^ough 
they come round with less apparent regularity,-(-each succession 
of seasons being more or less different in chanu^er from the last, 
— jet that summer and winter, seed-time and harvest, do follow 
in uninterrupted order, and tliat the recurrence of each corres^ 
ponds with that of a certain length of day and night. Hence, 
by the return of these changes, the notion of a year was sug* 
gesfed to him ; and we shall hereafter see, that, at a very early 
period in the history of the world, the length of the year was 
fixed with a tolerable approach to aoennicy. « 

392. In like manner, the division of the year into months 

t2 
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was early suggested by the altering appearances of the Moon ; 
and from the natural tendency which there is to divide into 
quarters, the idea of weeks may have arisen. But the week, 
consisting of seven days, was undoubtedly fixed by the Foiuth 
Commandment, which ordained that one day out of every seven 
should be set apart for the worship of God. 

393. It may be difficult, perhaps, to trace the origin of the 
division of the day into hours. When first adopted, however, 
it was not a division of the whole time between noon and noon 
(which is almost exactly the same in every part of the year) into 
twenty-four hours of equal length, — as with us at present ; but 
a division of the day and night, whatever their respective lengths 
might be, each into twelve parts. Hence the time really included 
in the twelfth part, or hour, was continually varying ; but the 
difierence would not be so great in the country of the Greeks 
and Romans, or of the Jews, as in Britain ; since there is not the 
same difiPerence between the longest and shortest days, in warm 
countries, as in. cold. The hours were at first measured only by 
a sun-dial ; the principles of whose construction will be explained 
hereafter (Chap. XX.) ; but as this was useless during a half of 
each diurnal period, and frequently inefficient at other times, on 
account of the cloudiness of the weather, it became desirable to 
obtain some other means of measuring the exact lapse of time. 

394. Various instruments were contrived, therefore, for this 
purpose ; and some of them showed great ingenuity. The com- 
mon hour-glass, in which the interval is measured by the passage 
of fine sand through a small hole, seems to have been one of the 
earliest of these. It cannot, however, be at all depended on for 
accuracy ; since a difference of two or three minutes not unfre- 
quently occurs in the times required by the sand to run through ; 
and its passage may be very much hastened by frequently shaking 
the glass, so as to keep the surface of the sand constantly flat. 
The most satisfactory of the ancient instruments for the mea- 
surement of time, was the CUpgydra or water-clock ; in which 
the hours were indicated by marks upon the side of a vessel 
filled with water, from whose bottom a small stream was allowed 
to flow out. As the water in the vessel ran ofi^, its surface sank ; 
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and its height, aa ihown hy the raarka, indicfttcd the time that 
had elapsed. It was soon found, that the water does not nio 
trom sach an orifice with a rejpiJar velocity; for, when the 
Teasel is full, the pressure of the fluid is much greater than when 
it is nearly empty, and its flow will be proportionally faster. 
But by making the divisions on the side long or short, secording 
to the rapidity of the flow, the hours might be equally divided. 
Tarioiis additions were made to these clepsydne ; especially by 
Cteaebiua of Alexandria, who flourished more than 200 years 
before Christ. Thns the water was made to carry a float, which 
sank with it; and a string attached to this float, and carried 
round a wheel to which a hand or index was attached, caused 
this to revolve, and thus to point out the hours on a divided 
dial-plate. It is related in an old chronicle, that the Empeior 
Charlemagne received, as a present from the celebrated Sultan 
Haroun al Raschid, in the year 809, a curioas clock, which 
struck the hours by means of little baUs of metal let fall upon a 
bell, and in which figures of horsemen, at the hour of twelve, 
came forth through little doors and returned again. This is 
known to have been a clepsydra or water-clock. 

395, The amplest mode of overcoming the difficulty, arising 
from the unequal flow of water through an orifice in the bottom 
of a vessel, is shown in the accompanying 
figure. This clepsydra consists of a cylinder 
of glass, furnished vrith a float a, which car- 
ries the syphon 6. When this syphon has 
been once filled with water, the fluid will run 
out at the cock|c, until the whole water in 
the vessel has been drawn off *. The rate at 
which the water is discharged may be regn- 
lated by the cock, e ; and as, by the connec- 
tion of the syphon with the float, the mouth 
of the pipe is always at the same distance 
below the surface of the water, the quantity 
will always be the same, whatever be the- 
boght of the fluid in the vessel ; and a scale, rf, ''"'■ "' 

• S«« Yol. on Hnuuuuct. 
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on its BidO) divided into equal parts, will always indicate, by 
the place of the float, the lapse of equal intervals of time. 

396. It appears that the use of the clepsydra was not known 
in England during the times of our Saxon ancestors ; for we 
read in the history of Alfred the Oreat, that, in order to portion 
out his time exactly, into the periods which he allotted fcnr his 
studies, meals, sleep, and the duties of his royal office, he had 
large candles made, with marks upon them, so tliat he might 
judge of the hour hy the quantity that had humed. It was to 
prevent the errors occasioned hy draughts of air, in palaces 
which were not constructed with nearly the same care in pre* 
venting them as is shown in our present ordinary dwellings, that 
Alfred contrived the first horn lantern. 

397. All these instruments, however, were but rude attempts 
to effect that, which is at present accomplished far more perfectly 
by other means. By the combination of wheel-work, acting 
upon the principles already described under the title of the Wheel 
and Axle (Chap. X.), with the Pendulum, the laws of whoso 
vibration have also been explained (Chap. IX.), clocks are now- 
constructed, which indicate the passage of time with a degree of 
accuracy which it would have been formerly thought quite im- 
possible to attain. It is to these instruments that the term 
Clock is now restricted. A watch is a portable instrument, in 
which the same mechanism is employed as in the clock, but in 
which, instead of a pendulum, there is a balance-wheel, whose 
vibrations are regulated by a delicate spring. Any clocks or 
watches might be termed chronometers or time-measurers ; but 
this name is now appropriated to those which are constructed 
with the utmost attention to the perfection of every part, and 
with means for compensating certain errors to which they are 
liable. The most perfect clocks are those constructed for astro- 
nomical observations, in which the greatest possible accuracy is 
required ; and hence these are ordinarily termed astronomical 
clocks. It must be borne in mind, however, that these differ 
from ordinary clocks in no essential particular ;' though their 
appearance is often puzzling to those who see them for the first 
timoj in consequence of the hour and minute-hands being fixed 
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on distinct centres, and pointing to different cittles, instead of 
reTolving about the same centre, and pointing to the same cirde, 
as in ordinary clocks. Again, the most perfect watches are those 
Gonstracted for the purposes <^ navigation, to which they givd 
the most important assistance, as will be explained bereiUfter 
(§.492) ; and these, being much larger than ordinary watches, 
though constructed on the same principle, are distinguished as 
marine chronometers. 

It seems not inapi»ropriate to introduce an account of these 
important instruments, between the chapters of this volume in 
which the principles of their construction are explained, and 
ihose in which their uses are unfolded. 

General Principles. — Moving and Refftdaiinp Powers, 
d9B. It has been stated (§. 275) that the object of clock-work 
is to maintain the oscillations of a pendulum, by continually com* 
municating to it a slight additional impulse ; and, at the same 
time, to register the number of these oscillations, so as to indi* 
cate the passage of time. In order to effect these purposes, a 
train of wheels and pinions is put in motion by a power acting 
on the first of them, whilst the last is connected with the pen- 
dulum by a peculiar contrivance, termed the escapemenU In 
clocks which are to remain stationary, and in which a saving of 
room is no object, the moving power is a weight, which is sus« 
pended by a string coiled round a drum or barrel ; this drum 
carries the first wheel of the clock, and imparts to the train the 
movement it derives from the gradual descent of the weight. If 
the whole of this force acted on the wheel-work alone, which it 
would do if the escapement were taken off, the weight would 
run down comparatively fast, and the train would be caused to 
move vdth great rapidity. But a part of it is expended in keep* 
ing up the vibrations of the pendulum ; and the connexion of 
this with the wheel-work is such, that not a tooth of the latter 
can advance, unless permitted to do so by the swing of the pen- 
dulum. Hence a clock will not go, even when wound up, un« 
less the pendulum be set in motion ; but when its vibrations 
have once commenced, they will continue until the string has 
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been an wound from the barrel by the descent of the weight. In 
^^ ¥nnding np" the clock, we raise the weight hy again coiling its 
string round the barrel ; and thus communicate (as it were) to 
the machine, a power which will «keep it in action for a certain 
limited time. It would not be difficult to extend that time, to 
any desired amount, by adding to the number of wheels. Ordi- 
nary watches, and the commonest kind of clocks, require to be 
;v^ound up every day ; chronometers for ships, and house-clocks, 
are commonly made to go without winding for a week ; many 
. clocks have been constructed, which only required winding once 
a mouth ; and a few have been made to go for a year. It will 
be easily understood, upon the principle of the wheel-and-pinion 
(§. 339), that the greater the multiplication of velocity, the 
greater will be the sacrifice of power ; so that, the longer a 
clock is made to go-— or, in other words, the more slowly its 
weight is made to descend — the greater must be the power re- 
quired to produce the same effect ; and the weight must there- 
fore be increased in the same proportion. 

399. In small portable clocks, however, and in watches and 
chronometers, a weight cannot be thus employed ; and motion 
is given to the wheel- work by means of a spring, made of elastic 
steel (§• 74) aud coiled in a spiral. One end is secured to a 
fixed point ; and the other, in the effort to uncoil itself, will 
carry round anything to which it may be attached. The spiral 

spring, partly uncoiled, is represented in Fig. 
122. Now it is easy to understand, that a 
spiral spring, in uncoiling itself after having 
been tightly wound, exercises a much greater 
Pig. 122. degree of force than it will do when it has be- 

come slackened ; and therefore, if the spring were immediately 
connected with the wheel- work, the impulse which it would give 
to the train would be much greater at the beginning than at the 
end of the action. An attempt has been made, in France, to 
correct this inequality, by making a variation of strength in 
different parts of the spring itself, so that it shall unwind with 
equal force, whether it be tight or slack ; and if this can be 
effected, the spring may be made to act at once upon the first 
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wheel of the train, as shown in Fig. 127 ; where O P is the 
spring, of which the outer end O is fixed, so that the inner end, 
heing fixed on the axis or spindle of the wheel N, carries this 
round in its effort to uncoil itself. But it is found impossible to 
make such a correction with sufficient accuracy; and a different 
method is generally adopted. 

400. The spring is enclosed within a hollow barrel or drum, 
to which its outer end is attached ; and the inner or central end 
of the spring is attached to a fixed axle. Hence, when the 
spring has been coiled up, its elasticity will carry round the 
barrel, in its attempt to uncoil itself. The barrel, in turning 
roimd, puUs a chain, which was previously coiled round a conical 
axle, which is termed the fusee. 
This axle carries along with it 
the first wheel of the train. In 
winding up the watch, we coil 
the chain round the fusee, and 
draw it off from the barrel ; by ^'°- ^^^• 

which action the spring within the barrel is coiled up and its 
power becomes very strong. In attempting to uncoil itself, it 
pulls the chain, which now acts upon the small part of the fusee. 
When it has gradually uncoiled itself, the power of the spring is 
weakened; but by this time nearly the whole of the chain is 
coiled upon the barrel, having been unwound from the fusee ; 
and its pull or strain acts upon the lar^e part of the fusee. Now 
upon the principles stated in the former part of the volume, the 
more distant the point, to which the force is applied, is from the 
central axis, the greater will be its power of giving the required 
motion. When the spring is acting most strongly, therefore, its 
power is applied at a far less mechanical advantage than when 
its power is nearly exhausted ; and thus its action on the spindle 
of the fusee is equalized, so that from a variable power it is made 
to become nearly as regular, as that produced by the descent of 
a weight. 

401. The contrivance by which, in winding up a clock or 
watch, we can turn the fusee without influencing the wheel- 
work, is shown in Fig 124. The first wheel is hollowed out to 
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receive the small ratehet^wheely d, of which ilia teeth are so 
cut as to slant on one side, but to be upright id the other. In 

the same hollow, there is a movable dick or 
ratchet^ h, which is pressed down by the spring c. 
Now if the ratchet-wheel be turned in the direct 
tion of the slanting sides of its teeth (that is, from 
left to right in tlie accompanying figure), it will not 
Fio. 1S4. carry the large wheel with it; for the Tatchet will be 
lifted by the inclined side of each tooth, and will consequently pass 
over them all. But if the ratchet-wheel be made to turn in the 
contrary direction, it will carry the large wheel with it ; for the 
upright side of the tooth will be caught by the ratchet ; so that 
any force applied to the ratchet-wheel will act upon the ratchet^ 
and consequently upon the large wheel with which it is con- 
nected. jNTow tli^ fusee is attached to the ratchet-wheel ; and 
hence, when the fusee is being drawn by the chain in the direc^ 
tion last mentioned, it carries round the large wheel with it, and 
gives motion to the whole train ; whilst, if the fusee be turned 
in the contrary direction, as it is by the key in the act of wind- 
ing, the teeth of the ratchet-wheel lift the ratchet, and there is ' 
no motion given to the large wheel. The same contrivance is 
applied in clocks, to the drum round which is coiled the string 
that suspends the weight. — In the better class of Time-keeper?, 
whether clocks or watches, there is another contrivance intro- 
duced into the fusee, by which the train of wheels is kept in 
motion during the time when the weight or spring is being wound 
up ; so that the inaccuracy that would be otherwise occasioned by 
the stoppage of the movement (which any one may observe, who 
notices the second-hand of an ordinary clock or watch, whilst it 
is being wound up) is prevented. This contrivance is termed the 
Maintaining Power or Going-Ftuee. 

402. Having now considered the moving power, by which 
the train of wheels is kept in action, we shall examine the regi^ 
lating power, by which its action is controlled. This, in all 
olocks now constructed, is the pendulum ; whilst in watches and 
chronometers, it is a wheel termed the balance. The properties 
of the pendulum have been explained in a former part of the 



BALA27CB FOB BEQVLATION OF WATCHES. 325 

Tolume, and need not bo here repeated. The balance of a 
watch serves the same purpose as the pendulum, having the 
advantage of occupying much less space, and of acting equally 
well in almost any position. It consists of a wheel, having an 
axle which terminates in two very fine pivots, and so exactly 
balanced, as to be capable of being moved with a very small 
impulse in either direction. To the axle, however, is attached 
one end of a very delicate spiral spring ; of which the other end 
is attached to the framework of -the watch, as shown in Fig. 129; 
Now the action of this spring is like that of any other elastic 
body ; it will produce a certain degree of resistance to any 
diange of position of the balance ; and the greater the altera- 
tion of its place, the greater will be the resistance, until at last 
the force which set the balance in motion is overcome by it, and 
the rotation ceases. But the spring has been so much displaced, 
that it tends to bring the balance back to its original position, 
with a gradually-increasing rapidity ; and when it has arrived 
there, the force which it has acquired will carry it as far on the 
other side (§. 187)* Again this force is resisted by the spring, 
and again will this bring back the balance to its former position. 
403. Thus a balance, provided with a spring that possesses 
perfect elasticity, and uninfluenced either by friction or the resist- 
ance of the air, would go on vibrating backwards and forwards 
without cessation. But three retarding influences really act 
upon it ; — want of perfect elasticity in the spring, so that each 
reacting force is somewhat less than the force which acted on it ; 
friction of the pivots; and resistance of the air. Hence, in 
order to keep up these vibrations, it is necessary that a slight 
additional impulse should be continually given to the balance, as 
to the pendulum. When a balance is well constructed, its 
vibrations become almost perfectly isochronous (§. 265), whether 
the space through which it moves be long or short ; hence it is 
not much affected by moderate difierences in the strength of the 
impulses given to it by the moving power, and in this respect 
has even advantages over the pendulum. It is found advanta* 
geons to construct the balance-spring of the best chronometers, 
not in the fonn of a flat spiral, like that of the common watch, 
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Fio. 126. 



shown in Fig. 129, but in that of a hdia^ or cork-screw, as 
shown in Fig. 125. And the balance itself is not a 
complete wheel, but is made in a peculiar form, which 
will be described hereafter (§. 432), for the purpose of 
compensating the influence of heat or cold upon the 
spring. The time occupied hj each vibration of the 
balance, depends upon the strength of the spring — other things 
being supposed equal; and the strength is influenced by the 
length. A short spring, of equal thickness with a long one, is 
very much more elastic ; hence by shortening the balance-spring, 
we increase its elastic force ; whilst by lengthening it, we 
diminish that force. The greater the elastic force, the shorter 
will be the vibrations of the balance, and the less will be the 
time occupied by each of them ; consequently the time-piece 
will gain when the spring is shortened, and will lose when its 
length is increased. It is by slightly altering the length of this 
spring, that a time-keeper is regttlatedj so as to go faster or 
slower than before. 

404. The contrivance by which the pendulum or the balance 
is connected with the moving power, is termed the EscapemeftU, 

The simplest form of this is repre- 
sented in Fig. 126. Let x yhe the 
axis oi| which the balance turns, or 
from which the pendulum is sus* 
pended; projecting from it in dif- 
ferent directions are two leaves, c and 
dy which are termed joaZZ^te. Xifb 
is seen a crown wheel, turning on a 
perpendicular axis o e ; its teeth are 
cut like ^those of a saw ; and the 
direction of its movement is from 
right to left, — ^that is, / moves to- 
wards hj whilst on the &rther side, 
% moves towards a, and a comes gra- 
dually round to /. This wheel, 
termed the halcmce-whedj is con- 
F19.1S6. nected with the rest of the move- 
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ment^by the pinion on its axis, as will be shown hereafter (§. 431 )• 
The pallets are so placed, with regard to the teeth of this wheel, 
that, as the axle turns from one side to the other hy the swing- 
ing of the pendulum or the vibrations of the balance, the teeth 
are permitted to escape alternately from each of them, and thus 
the wheel turns round with an interrupted motion. In the 
figure, the pendulum or balance is represented as at the extremity 
of its excursion towards the [right ; and the movement of the 
axis has just allowed the tooth a to escape from the pallet c; 
whilst at the same time, the tooth b is just about to fall on the 
pallet d, . Now whilst the pendulum or balance is moving to the 
left, that is, from p to^, the tooth h still presses against the pallet 
d, and is prevented by it from moving further on, until the 
pallet has changed its position so far towards the left, as to allow 
the tooth to escape from it. During all the time that the tooth 
is pressing against the pallet, the balance-wheel is communicating 
to the pendulum or balance, through its means, a part of the 
power by which it is itself moved ; and thus supplies the impulse 
required to keep its vibrations up to the proper extent. When 
the tooth b has escaped from d, the tooth t, on the other side of 
the wheel, will drop against the other pallet c ; and will remain 
pressing against it, in like manner, until the return of the pen- 
dulum or balance to the position represented in the figure, lifts 
the pallet c sufficiently to allow the tooth » to escape from beneath 
it, as a had previously done. In this manner, then, the wheel 
is allowed to advance by an interval of half a tooth at each 
vibration of the pendulum or balance ; and thus, if the wheel have 
15 teeth, and the pendulum vibrate seconds, it will make one 
revolution in half a minute.* 

405. This escapement was in use, long before either the pen- 
dulum or balance-spring was applied to the regulation of time- 
keepers. An account has been preserved, of a large turret-clock 
which was erected for Charles V. of France, surnamed the Wise, 
about the year 1370, by a German artist named Henry Tick. 
The mechanism of this clock differed very little from that of 

* A crown-wheel of this kind must always have an odd number of teeth ; else 
tbe toeth on the opposite tides would come against the pallets at the same time. 
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later ones : it had the same crowa-wbeel and esoapement as thai 
just described ; but instead of a balance or pendulum, the axis 
w y carried a cross bar, loaded with weights, like f q. It was so 
arranged that the axis ay was upright ; and the cross-bar conse- 
quently horizontal. Here, therefore, the bar was moved back- 
wards and forwards, solely by the action of the teeth of the 
crown-wheel upon the pallets of the axis* This was, of course^ 
an extremely 'imperfect plan ; and the yoin^oi such a clock must 
•have been very inaccurate^ But no essential improvement wa» 
made upon it, up to the middle of the 17th century ; when the 
pendulum ;npas first employed as a r^ulatorw It has been, men- 
tioned (§. 2§7) that the lawsr^nlating Uieyibrationof the pen- 
dulum were disoeivered seme years previously by Galileo. . As he 
intended to adopt the profession of medicine, be first appUed th» 
principle to the measurement of the. pulse; and he afterwards 
suggested the coiinexton of the pendulum with the dock*. It'ie 
uncertain by whom this great improvement was first actually 
-carried into effect. It is generally attributed to Hnyghens, a 
learned Dutchman ; but his claim has been disputed ; andit Ins 
been asserted that the son of Galileo first applied the pendulum 
to a clock, which was constructed at Yenice, about eight years 
previously to the date of Huyghens's invention. 

406. The escapement first used to connect the pendulum with 
the dock, precisely resembled that which has been just de^ 
scribed. The axis of the crown-wheel was vertical, as in Fig. 
126 ; and the pendulum was attached to the horizontal axis a?y. 
In fact, there was no essential variation from that representation, 
except that, instead of a cross-bar with weights, p and ^, at 
'either end, the lower portion only, a p, was left, to serve as a 
pendulum. It was found, however, that the extensive vibrations 
which a pendulum must make when so hung, were injurious to 
the regular going of the dock ; and various contrivances haiRO 
been devised to prevent this source of error, by oonstntoting the 
escapement in soeb a manner, that the pendulum shall make 
shorter vibrations* These, of which the two most important 
will be hereafter described, (§.417-21) have completely super- 
seded the use of this original escapement (termed the croum- 
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wheel aiid verge) in eIook«*work ; baft it Is still us^ ifl watokea^ 
wbere, indeed, it is an object to make the vibrations of the 
balance as extensive as possible^ Ail ordinary watches are con- 
structed upon this plan ; and they are distinguished as vertieal 
watches, because the last crown-wheel has a vertical or upright 
position, as seen in Fig. 127* 

407. The first watches that were made, were as imperfect m 
the early clocks ; and differed only from them, in being mado 
upon a smaller scale, and in the use of a spring instead of a 
weight, as the moving power. They had only an hour-hand ; 
and most of them required winding twice a day. The invention 
of the spiral balance-spring followed the application of the pen- 
dulum to the clock, at no long interval ; and thus both machines 
were made to receive the greatest possible improvement in the 
principles of their construction, at a very short interval. The 
honour of this invention is claimed by Huyghens, the Abb^ 
Hautefeuille, a Frenchman, and our ingenious countryman, Dr, 
Hooke. There can be little doubt that it is really due to the 
last of these ; for he was able to produce proof, that he had em- 
ployed the balance-spring, and had applied for a patent for his 
ittveniv&n, in the year 14>58 ; whilst the claim of Huyghens was 
not made uni&l J 674. No subsequent improvement of any gretft 
importance' has been made in the construction of watches ; ex- 
cept in regard to the escapement, of which the forms now con- 
sidered the best will be described hereafter (§.426-9). Very 
great advances have been made, however, in the degree of per- 
fection of the workmanship 6f these important machines ; and it 
is difficult to imagine anything superior to those which are now 
manufactured* 

Canetruetum of Ordinary JViUohei and Clocks, 

408. The general construction of an ordinary watch will now 
be explained. That of a clock is precisely the same, whether it 
be large or small ; with the exception of the substitution of a 
weight and barrel, for the mainspring and fusee. On opening an 
ordinary watch case, we see that the wheel-work is for the most 
part contained between two round plates, which are connected 
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together by plUars.^ One of theae plates is attached to the £al; 
but there ia a thin space between them, which ia occupied by the 
wheel-work that coaaects the motion of the hour and minnte- 
handa. On the other plate ia a riused portion, beneath wbidi 
the balance works. 

409. A general view of the work of a common watch, as se^i 
from the side, u shown in Fig. 127- For conToaience of diqtlay. 



the parts are all arranged in one line, instead of being dispoaed 
in a circle aa they really are ; and, in order to make them more 
distingaishable, the distance of the two plates, between which 
most of the work is conttdned, is much increased ; aa is also the 
space between the upper plate and the dial, which really lie 
close together. The balance is seen at A ; and on its asis or 
spindle are the two pallett, p, p, which together constitute what 
is termed the verge. At C is seen the haIance-*oheel, the teeth 
of which resemble those of a saw; by the Tibrations of the 
balance, the teeth of this wheel are permitted to escape from 
each of the pallets alternately, as already explained. On the 
axis of the balance-wheel ia a pinion, d; which is driven round 
by the crown-wheel, K, (see §.341): this wheel is termed by 
watchmakers the eontrate-wheel. On the axis of this last, ia a 
pinion, c, which works into the third-tehMl, L ; and the axis of 
the third wheel is another pinion, b, which works into the wheel 
M, termed the centn-toAed Crom its portion in the centre of the 
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watch. (See Fig* 128, ^). The axle of this wheel passes up 
through the centre of the dial, and carries the minute-hand j 
making one complete revolution in an hour. Upon this axle is 
placed the pinion a, which wo^ks in the great-whedy N. This 
wheel is acted on hy the main-spring ; which is either fixed 
upon its own axis, as represented at O P in this figure ; or is 
contained within a barrel or circular hex, which acts by means of a 
chain upon the fusee which carries the great-wheel, as already 
explained (§. 400). Upon the axis of the centre-wheel, between 
the upper plate and the dial, is fixed the pinion Q ; and .this 
drives the wheel T. Upon the spindle of this wheel is a pinion 
^, which works into the wheel Y. The axis of this last wheel 
is hollow, so as to allow the axis of the centre- wheel to pa^ up 
through it ; and upon this hollow spindle the hour-hand is fixed. 

410. It is seen, then, that in the watch, as in the clock, the 
moving power acts on a wheel which drives a pinion; that this 
pinion carries on its axis a wheel, which drives another pinion 
canying another wheel, — ^and so on. Hence there is a continual 
increase of velocity, and at the same time a loss of power 
(§. 339). The revolution of the balance-wheel, c, is very rapid 
in proportion to that of the great- wheel, N ; but its force is less 
in the same proportion ; so that the slightest interruption (such 
as a thickening of the oil on the teeth and pivots) is suf&cient 
to check the movement of the former ; whilst the power of the 
latter, communicated to it by the spring, is sufficient to over- 
come a considerable resistance. 

411. Many different trains may be adopted, to give the 
required proportions between the times of revolution of the 
several wheels ; since their rates depend, not upon their ahsolute 
number of teeth, but upon the proportion between the teeth of 
the wheels and the leaves of the pinions. The centre-wheel 
must, of course, make one revolution in an hour ; the balance- 
wheel is generally made to turn 9j^ times in a minute ; whilst 
the great-wheel makes one revolution in about four hours, so 
that, if the spring can turn it seven times round, the watch will 
go for 28 hours. The following is the train (or arrangement of 
the number of teeth in the wheels and pinions) usually adopted 
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in common watches. The great-whed^ N, has 48 teeth ; and 
the pinion, a, into which it works, has 12 teeth ; consequently 
this pinion will make 4 revolutions, whilst the wheel revolves 
once ; and if the great-* wheel turn round in 4 hours, the centre- 
wheel will make one revolution every hour. The cenhre-whsdj 
M, has 54 teeth ; and the pinion ^, has- 6 leaves ; so that it, 
together with the third-wheel, turns round 9 times, whilst the 
centre* wheel revolves once; and hence makes 9 revolutions in an 
hour. The third-wheel^ L, has 48' teeth ; and the pinion c, las 
6 leaves ; so that the velocity is again multiplied hy 8 ; and the 
contrate-wheel, which is on the axis of the pinion, c, will make 
(8 X 9) 7^ turns in an hour.- The eanirate^wheel^ K, also has 
48 teeth ; and the pinion, d^ into which it works, has 6 teeth ; 
•so that a further multiplication of Telocity takes place, to the 
amount of 8 times ; and the balance- wheel, C, which is carried 
round by the pinion d^ turns (72 x 8) 576 times in an hour, or 
about 9^ times in a minute. The hakmee-tDheel^ C, has 15 
teeth ; and^^a^ of one of these eeeapee with every turn of the 
balance (§. 404) ; hence there are about (9^ x 15 x 2) 305 
impulses given to the balance in a minute, so that each of its 
Tibrations occupies 60-305th parts, or about l-5th of a second. 

412. It is often an object, however, to cause the fourth oreon- 
trate- wheel to revolve exactly once in a minute; so that its spindle 
may carry a hand which shall indicate seconds on the dial. This 
may be done by making the balance perform exactly 5 beats in a 
second ; and by giving 15 teeth to the balance-wheel, 6 leases 
to its pinion, and 60 teeth to the contrate- wheel. The contnte- 
wheel, in turning once round, causes the balance-wheel to revolve 
jlO times ; and hence the number of escapes its .teeth will make 
is (10 X 15X2) 300 in a minute, or one in every fifth part of a 
second. Or the balance may be adjusted to beat 9 times in 2 
seconds ; and then the number of teeth in the contrate^wheel 
must be 9 times that of the pinion it tums^tliat is, 54 to 6, or 
^3 to 7- Or the number of beats may be 4 in a second; and 
for this arrangement the contriite- wheel must have 8 times the 
number of teeth in the pinion it turns — that is, 48 to 6, or £4 
to 7« When the contrate-wheel is to be thus made to turn 60 
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times in an Iionr, instead of 72 (as >n the ordinary trein), the 
number of teeth in the centre-wheel uid third-wheel, sod the 
number of leaves in the pinioDs they tnni, mnst be regultted 
tKieordingly. The usual plan is to give the centre-wheel 04 
teeth, and to the pinion it tarns 8 leaves; so that this pinion, 
«uTying with it the third-wheel, revolves 8 times for each turn 
of the centre-wheel. The third-wheel, having 60 teeth, woika 
into a pinion of 8 leaves;. and this last, carrying the oontrate- 
wheel, turns 7i times for each revolution of the third-wheel. 
Henco the oontrate- wheel turns (8x7^) €0 times for each revolu- 
tion of the oentre-wheel ; and as the latter makes one revolution 
in on boar, so does the former complete ono in each minute. 

413, The mode in which the parts of a watch nr& actually 
arranged, is shown in Fig. 128, representing the interior of awatch, 
from which (mo of the plates 
Los been removed, seen from 
above. Hen a is the bane), 
contuning the mMn-sprmg 
coiled within it ; by die elas- 
tidty of this, the barrel is i 
made gradually to wind upon I 
itself the chain b, which was \ 
previonaly coiled around the 
fusee, and tbos to give motion 
to that fusee, which corriei 
round with it the great-wheel c. 
The pinion turned by the great- 
wheel is seen at d; and this 

dairies on ita axis the centre-wheel «. It ia the epindle of thia 
wheel which, prolonged through the dial, carries the minute- 
hand. The wheel e turns the pinion /, which carrie* round the 
third-wheel g >* and this works into the pinion (which cannot be 
shown in this view) that carries round the contrate-wheel h, 
TItia wheel turns the pinion t, which earriea round the balance- 
wheel i. The balance itself, and the Te^^ are supposed to have 
been removed with the upper plate, which is shown separately in 
Fig. 1S9. This gives a view of the hack of the work* of an 
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Fig. 129. 



-'Ordinary watcb, as seen when the case .is opened* The 
•balance is seen at p; its spiral spring is shown by %: and 

the end of this is fixed at U In 
order to regulate the length of 
this spring, so as to bring the 
vibrations of the balance pre- 
cisely to their required num- 
ber in a minute, there is a 
moTcable piece, marked o, 
through a slit in which the ba- 
lance-spring passes ; this piece 
(which is termed the curb) 
can be made to travel towards 
one side or the other, by means 
of a wheel acted on by the 
circular scale r, to which the key is applied for the purpose of 
regulating the watch. The position of the curb o determines 
the acting length of the balance-spring, since the part between o 
and t is cut oflF, as it were, from the rest ; hence, if the curb be 
moved towards ty the acting length of the spring is increased ; 
whilst, if it be moved away from ^, the spring is shortened. 
The effect of this alteration has been already explained 
(§. 403). At q is seen the square end of the spindle of the 
fusee, to whicli the key is applied for winding the chain off the 
barrel In Fig. 130 is shown 
the work which lies between * 
the dial and the plate on which 
it. rests, having for its object to 
' give* motion to the hour-hand. 
The wheel x is turned by a 
' pinion on the axis of the centre- 
wheel, concealed in this figure 
by the wheel f?, but ' shown at 
Q in Fig. 127. The wheel a? 
carries round with it the pinion 
' w, which gives motion to the 
•wheel <?/ and on the hollow Fro. lao^ 
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spindle of this last the hour-hand is fixed. The numher of teeth 
in these wheels and pinions must he so proportioned, therefore, 
that the wheel v shall turn round with only ] -12th of the velo- 
city of the central axis. Thus, suppose the centre pinion to have 
15 teeth, and the wheel x to have 60 teeth, the latter will only 
revolve once whilst the former revolves 4 times. ' Again, if the 
pinion w have 20 teeth, and the wheel v have 60 teeth, the wheel 
V will turn round once whilst the pinion to revolves 3 times, 
and the central pinion (3x4) 12 times. 

414. It is not exactly correct to say, however, that the 
central pinion and the minute-hand bxq fixed upon the spindle of 
the centre- wheel ; for, if they were, the hands could not he moved 
without turning the centre- wheel, and we should not he ahle to 
9et them, without disturbing the whole movement of the watch. 
There is a very simple provision for permitting this to he done. 
The pinion and minute-hand are fixed, not to the axis of tlie 
centre-wheel, but to a hollow spindle which is fitted upon this, 
and carried round by friction, so long as there is no opposing 
resistance. When we set the watch, however, the central axis 
remains unmoved, and we merely turn round the hollow spindle 
which carries the minute-hand and the pinion ; this pinion acts 
upon the wheel x^ which, through the pinion w and the wheel «?, 
turns the hour-hand one-twelfth of the amount that the minute- 
hand has been moved ; and thus the two are always made to 
turn conformably to each other, whether they be carried round 
by the going of the watch, or by the action of the key in setting 
it. If the face of any ordinary watch be examined, there will 
be seen a small round spindle projecting in the centre ; this is 
the spindle of the centre-wheel. Enclosing this is the first 
hollow spindle, which carries the minute-hand, and which is 
squared at the top to receive the key ; and this is again enclosed 
in a second hollow spindle, to which the hour hand is attached. 
These are seen in Fig. 127. Precisely the same means ai^* 
adopted to connect the motion of the two hands in ordinary, 
clocks ; but where great accuracy is required, as in clocks used 
for astronomical observations, it is desirable to avoid unnecessary i 
Cr^ctioD, as completely as possible. This is done by making the; 
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hour-hand turn on a different centre ^m the minute-hand ; and 
the former reoeiTcs its motion from the latter, hy meone of a 
wheel containing 12 times ea manj teeth aa the pinion vhidi 
tnrne it, and therefore making its revolution in 12 times the 
period. In aatronomieal clocks, however, the hour-circle isnot 
anfreqnently divided into 24 parts, instead of 12 ; and the hand 
requires a whole day and night to traverse it. The object of 
this is to avoid any mistake, arising from the same numbers 
being repeated twice between noon and noon, or midnight and 
midnight. Some clocks have been constmcted, especially at 
Venice, to strike all tlie numbers, from 1 to 24 ; bat in this 
tliere can be no advantage. 

415. The mechanism of an ordinary portable eight-day clock, 
is represented in Fig, 131. Of the two barrels, fusees, and 
trtuna of wheel-work here seen, the 
one on the right . hand ' side alone 
baa for its office the measurement of 
time. The other is called the $triiinff 
\ train; and its office will be eepar- 
ately considered ($.440). The works 
are arranged, as in the watch, be- 
tween the plates, in which are holes 
for the pivots of the axles of the 
various wheels, &c. The front plate 
ia attached tu the dial, vrith an inter- 
val in which the hour-hand move- 
V ment is contained, as in the watch ; 
this interval also contains the me- 
chanism by which the striking ia 
> regulated. The dial and the front 
plate are supposed to be here removed, 
Fw. ui. so as to give an unintermpted view 

of the tnun of wheels. The back plate is shown by the letters 
A B C D. The springs enclosed in the barrels G E giv« motion 
to the fusees F F, as in the watch, either hy a chain ot a piece 
of catgut. The mahi-wheel a of the going train, has 96 teeth ; 
md this aets on the cobtre-wheel pinion, £, having 8 leaves. 
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Tlitfl pinion carries with it the centre*wheel b ; and on the same 
spindle, as in the watch, the minute-hand is placed. The centre- 
wheel b acts on the pinion I ; and this carries round with it the 
tiiird-wheel e. This third- wheel, in its turn, acts on a pinion 
(not seen in the engraving) which carries round the scape-wheel 
d ; and this wheel, acting on the pendulum hy the pallets n, o, 
of the escapement, communicates to it the impulse received from 
the spring, whilst its own .motion is entirely determined l^y the 
duration of the vibrations of the pendulum. For if, on the very 
same escapement, we were to hang a pendulum of 9| inclies, 
another of 39 inches, and another of 13 feet, the duration of each 
beat-^and consequently the interval between the escape of each 
tooth, — would be half a second in the first pendulum, a second 
in the next, and two seconds in the last. 

416. The number of teeth in the wheels and pinions, there- 
fore, must depend upon the length of the pendulum. Thus, for 
a pendulum vibrating seconds, the number of teeth in the scape- 
wheel is usually 30 ; since, as the wheel only advances to the 
amount of half a tooth at each escape^ its revolution is then per- 
formed in a minute, and it may be made to carry a seconds-hand. 
If the centre- wheel and the third-wheel have 64 and 60 teetli 
respectively, and their pinions have 8 leaves, the multiplication 
of velocity will be (60 x 64 -f- 8 x 8) exactly 60 ; so that the 
scape-wheel will turn round 60 times, for one revolution of the 
minute-hand. Where the pendulum vibrates half-seconds, how- 
over, it would be necessary to make the scape- wheel with 60 
teeth, if it be required to perform but one revolution in a minute. 
Small portable clocl^s, however, such as those designed for a 
table or mantel-piece, are not made with a seconds-hand ; and 
in these the scape-wheel is made with a small number of teeth^ 
and revolves in a . shorter time ; the number of teeth in the 
wheels and pinions which connect it with the centre- whesel, being 
adjusted accordingly. In a dock now before the author, the 
centre- wheel has 84 teetli : this turns a pinion of 7 leaves, which 
must therefore revolve 12 times as fast^ or once in every 5 minutes. 
This pinion carries round with it the third-wheel, which has 77 
teeth 91 it ; and the Idtter drivea the sci^-wbeel by a pini<»i 
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of 7 leaves, so that a Telocity of 11 to 1 is gained. The scape- 
wheel goes round, therefore, 11 times in 5 minutes, or once in 
somewhat less than half a minute. It has 32 teeth ; and the 
pendulum, heing not quite 8 inches long, allows each to escape 
in rather less than half a second. 



Clock-Escapemmtf. 
417. The construction of the anchor-pallet escapement (so 
called*from its having some resemhlance to an anchor), which is 
now applied to nearly all ordinary clocks, is seen in Fig. 132. 

The scape-wheel has its 
teeth cut upon its edge, 
and not raised up as they 
are in the scape- wheel 
of a verge watch. The 
centre, from which the 
pendulum is suspended, 
is seen at A ; and the 
same point is the centre 
of motion of the piece of 
metal ABC, which is 
termed the cnUehj the 
extremities B and C being 
the pallets. This crutch 
is usually not fixed to 
the pendulum, since it is 
convenient to detach the 
latter, when the dock is 
to be moved from one 
place to another; but it 
is so connected with it, 
that, as the pendulum swings from side to side, the two ends of 
the crutch move up and down. The position of the crutch shown 
in the figure is that which corresponds with the direction A E 
of the pendulum. If the pendulum be carried to A F, the end 
B of the crutch would be raised still more ; whilst if it swing to 
the other side A F', the end B of the crutch would sink between 
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tlie teeth of the-scape-wheel, whilst the end C would be raised 
quite clear of them. The scape- wheel is driven, by its pinion, 
in the direction of the arrows ; but its motion suffers interruption 
by the alternate locking and disengagement of its teeth against 
the pallets of the crutch ; and as the movements of these depend 
upon the pendulum, its time of vibration regulates the period in 
which the wheel revolves. 

418. In the position of the escapement shown in the figure, 
the pendulum is to be supposed to be at E, and to be moving 
towards F. Now the elevation of the pallet B, against whose 
under side tooth 5 was previously pressing, has disengaged the 
point of that tooth ; and the scape-'wheel is consequently at 
liberty to move onwards. Bat it is prevented from doing so to 
more than the interval of half a tooth ; for whilst the pallet B 
was being withdrawn from the space between 5 and 6, the pallet 
C was sinking into the interval between 2 and 3 ; consequently 
the wheel's revolution is checked by the fall of the point of tooth 
2 against the upper surface of the pallet C. But as the pen- 
dulum continues to swing to F, the pallet C is still further 
lowered ; and it gives a slight backward impulse to the tooth 
which was resting upon it, and consequently to the whole wheel. 
This backward movement, termed the recoil^ may be seen in the 
seconds' hand of any common clock; this hand being attached to 
the scape-wheel, and carried round with it. Having completed 
its swing to F, the pendulum begins to move back again, and in 
doing so it is assisted by the pressure of tooth 2 against the upper 
surface of the pallet C. This pallet is gradually withdrawn 
from the tooth that rests upon it, so that this at last escapes. 
But in the meantime the pallet B has sunk into the interval 
between 5 and 4 ; so that when tooth 2 has escaped from the 
pallet C, tooth 4 drops against the under side of pallet B. The 
further motion of this pallet, which continues until the pendulum 
has reached the position F', again causes the recoil of the wheel; 
but when the pendulum begins to swing back towards D, it is 
again assisted by the moving power of the wheel, which tends to 
make the tooth 4 (now resting on pallet B) press that pallet 
towards the left. When the pendulum has moved to. E, tooth 4 
escapes, as 5 had done before ; and tooth 1 falls upon the pallet 
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B, as 2 preykmsly did; tooth 5 baying iu tho meantime moved 
on to 6, and tooth 2 to 3. 

419. The objection to the recoil escapement consists chieflj 
in this ; — ^that the impelling power of the weight, communicated 
through the train of wheels, is acting on the pendulum, by means 
of Uic inclined surfaces of the pallets, during the whole of each 
of its vibrations. Hence, any inequalities in the moving power 
are liable to produce a considerable effect on the pendulum, so aa 
to vary its rate of vibration; and such inequalities are continually 
liable to occur from various causes. It was to avoid this source 
of error, tliat the dead-beat escapement was invented by Graham,, 
a celebrated clock-maker at the commencement of the last century,, 
to whom we owe also the invention of the mercurial pendulum 
($ 423). The peculiarity of this escapement consists in the form 
of the pallets ; the surface of each of which is partly a circle, 
having the point of suspension for its centre, and partly an in- 
clined plane. The construction and action of this escapement are 

seen in Figs. 133 and 134. 
The centre of suspension is at 
A; whilst AB and AC are 
the two legs of the crutch^ 
moving from side to sido 
with the vibrations of the 
pendulum, whose line of di-> 
rection is shown by AD. 
The scape*wheel moves in 
the direction shown by the 
arrow ; and the position of 
the whole is seen to be snch 
in Fig. 133, that the pen» 
dulum having nearly reached 
the limit of its vilnration on 
the left hand, the tooth ^ 
has eioaped from the pallet 
B, having just slid off the 
inclined portion of its snr- 
ikce, of which the dotted line, 5, shows the direction. The tooth 
2 now drops against the pallet e ; and the further motion of the 
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scape-wheel is thereby checked. The pendulum then begins to 
vibrate towards the right, carrying with it the crutch ; so that 
the pallet B enters the interval between the teeth 5 and 6 ; 
whilst the pallet is drawn out from the interval between 1 
and 2. During this movement, however, the scape- wheel re- 
mains at rest ; for so long as the tooth 2 bears upon the circular 
part of the pallet C, it does not either advance or recede ; and 
its moving power is not communicated to the pendulum. But as 
soon as the pallet C has been sufficiently withdrawn, for the edgo 
of the tooth 2 to press against the inclined plane, of which the 
dotted line c is a continuation, the wheel is allowed to move 
forwards ; and it communicates an impulse to the pendulum, 
which aids it in its vibration towards D', Fig, 134. 

420. When the pallet C has been completely withdrawn by 
the continued motirm of the pendulum, the tooth 2 is entirely 
disengaged from it; and 
the wheel would move 
onwards, but for the check 
it receives on the other 
side. Whilst the pallet C 
was being withdrawn, the 
pallet B was entering the 
interval between 5 and 6 ; 
consequently, just as the 
tooth 2 is disenofaored from 
the former, tooth 5 falls 
upon the upper surface of 
the latter. This changed 
position is shown in Ft&^. 
134. The pendulum, hav- 
ing completed its vibration 
towards the right, com- 
mences its return towards 
D (Fig. 133); and whilst 
it is moving in that direction, the tooth 5 remains at rest, 
and iJie whole wheel is consequently stationary, until the pallet 
B has been withdrawn far enough, for the tooth to rest against 
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the inclined portion of its surface. When it does so, the 
wheel again begins to move^onward, and gives the pendulnm 
a fresh impulse, in a contrary direction to the first. When 
the pallet B shall have been completely withdrawn, and the 
pendulum have arrived at D, the tooth 5 will be disengaged, and 
will take up the position of the tooth 6 in Fig. 133. 

421. Hence^ during a large part of each vibration of the 
pendulum, the scape-wheel is stationary, in consequence of the 
resting of its teeth upon the circular portion of the pallets ; and 
it is only whilst they are sliding down the inclined plane, which 
action occupies but a small proportion of the whole time, that 
the wheel moves on. Its movement, therefore, as indicated by 
the seconds'-hand, is a succession of jerks ; very different from 
the recoiling movement of the scape-wheel of the ordinary clock. 
As the dead-beat escapement is the one now universally adopted 
in this country for the best kind of clocks, whether those designed 
for astronomical purposes, or for regulators of time (such as 
tflmost every watchmaker possesses), and also in many large 
public clocks, most of the readers of this description may obtain 
the opportunity of observing its action. 

Compensation Pendulum* 

422. Although every part of a clock may be constructed with 
the greatest perfection, its performance will be very inaccurate, 
unless it be provided with the means of compensating for those 
changes, which result from an alteration of temperature. It has 
already been explained (§. 269) that a very minute difference in 
the length of a pendulum, will produce a decided influence upon 
the rate of going of a clock. For if this alteration be so trifling, 
as to cause an increase or decrease of the time of each vibration 
by l-1440th part of its whole length, it will occasion the clock 
to lose or gain a minute in every twenty-four hours, — a minute 
being the l-1440th part of a day. The alteration in length, 
required to produce a difference of a second a day, will therefore 
be almost inconceivably small ; and such as a trifling variation 
in the temperature of the air would be sufiGicient to , produce. 
The amount will vary with the material employed. If the pen« 
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dnlnm-rod bo of dry varnialied deal, an alteration of the teiB- 
peratnte to the amoaat of 10° (Fahr.) will only affect its going 
by one second a day. But if iron wire be employed, the altera^ 
tioD is three times aa great; and it is increased to 5 eecondB by 
onploying brasa. Hence, to insure the accurate going of a clock, 
aome means must be devised to compensate for this source of error. 
423. This compensation is ordinarily effected, in clocks con- 
Btructed in this country, by. the apparatus termed the tnereurUd 
pmdvlwm : the form of which is shown in the accompanying 
figure. The rod of the pendulum consists of a 
flat piece of steel, which is formed at the bottom 
into a kind of stirrup, to carry a glass jar securely 
fixed to it. This jar is partly filled with mer- 
cury, which serves as the weight or bob of the pen- 
dulum. When a change of temperature causes 
the steel rod to expand downwards from its point 
of Buspension, it also occasions an expansion of 
the mercury upwards from the bottom of the jar; 
and as the expansion of any given bulk of mercury 
is many times greater than that of the same bulk of 
etee], the rise of the mercury in the jar counteracts 
the lowering of the whole jar by the expansion of 
the rod ; so that the place of the centre of oscilhi- 
tion remains the same, and the rate of vibration 
continues nnaffeoted. The quantity of mercury 
requisite for the purpose can only be accurately fio-iss. 
determined by experiment; but in general it will be found, 
that the bdght of the colnma should be about 67 inches. If 
the column is not liigh enough, its expanuon will not counteract 
that of the steel rod ; if it b« too high, the pendulum will be 
over-compensated, so that heat wiU cause it to gain, and cold 
to lose, — contrary to the usual rule. Of course what has been 
Stud of the mode in which the two expansions balance each 
other, equally applies to the contractions which will take place, 
inthe steel rod and in the mercury, from the operation of cold. 
The absolate length of the pendulum is adjusted by a screw at 
D, by turning which the stiimp ia rtused or lowered upos 
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the rod. At C is a projecting index, which points to a circular 
scale helow ; by which the pendalam's aio of vibration maf be 
observed from time to time. 

424. A very simple compensation pendalmn, which may be 
applied to any clock at the most trifling expense, consists of a 
wooden rod, dried and varnished ; carrying at its lower end, by 
way of bob, a hollow leaden cylinder, which rests on a screw at 
the bottom of the rod. If tho rod be made about 46 inches 
long, and the lead cylinder about 14 inches long, it will nearly 
vibrate in seconds (since the centre of oscillation will be at about 

the middle of the leaden cylinder, and tliere- 
fore at about 7 inches from the end of the 
rod) ; and the expansion of the lead upwards 
is sufficient, or nearly so, to counteract that of 
the rod downwards. There is another very 
ingenious compensation pendulum, i^tch was 
invented by Harrison, to whom we are so 
much indebted fat his improvements in chro* 
nometers (§. 436). This, which is termed, from 
its form and aspect, the gridiron pendulum, 
is more used abroad than in this country. It 
is rather complex in its construction ; and will 
be described in the treatise ou-Hbat; Many 
other oontrivaneeshavebeen devised for thesame 
purpose ; buttliey are not superior to these. 

425. The regular going of a oloek wiU partly depend also 
«pon the steadiness with which it is fixed ; and it is therefore 
desirable that a clock for scientific purposes should be as £mily 
supported as possible. After all, however, there is one seuroe 
of error for wliich it does not seem easy to devise a remedy.;— 
this is the var3ring density of the air, which wHl pvodnee a varia- 
tion in the resistance to the motion ci the pendulura. When 
the air is dense, as shown by a rise of the menmry in the baro- 
meter, the resistance is incressed, and the clock will go slower; 
the contrary result oecurs, when the pressure of the air is 
diminished, as sliown by a fall of the mercury. An attempt 
has been made to correct Uiis error, by attaching small barome- 




Fto.ia8. 



r WATCH ESCAPEMENTS. 345 

ters to the sides of the pendulum ; it bdog intended that the 
rise of the mercury in the tube, by slightly raising the centre of 
oscillation, should counterbalance the effect of the increased 
resistance. This ingenious idea has not yet been properly 
applied to practice. To show the perfection at which clock- 
making has arrived, it may be mentioned that several clocks are 
now going, whose errors are less than J -10th of a second daily. 

Watch Escapements. 

426. As in the Clock it is desirable to remove the Pendulum 
as much as possible from the constant influence of the moving 
power, so is it desirable in the Watch to wHhdraw the Balance 
from the same influence, slight variations of which (such as must 
be continually occurring from yarious causes) must otherwise 
greatly affect its regularity. In order to effect this, various 
kinds of escapements have been devised, which have completely 
superseded, for all but the most ordinary watches, the common 
verge-escapement already described (§.404). In this escape- 
ment, as in the common recoil escapement of clocks, the teeth 
of tile balance-wheel are continually pressing on the pallets, in 
«uch a manner as to be exercising a constant influence over the 
vibrations of the balance ; and a fresh impulse is communicated 
at each vibration. In all the improved escapements referred to, 
the balance is so deiaehed from the train of wheels, that it only 
receives a momentary impulse from the moving power ; and in 
the intervals, the whole train of wheels is checked. In general 
this impulse is communicated only at every second vibration of 
the balance ; that is, the balance, after receiving one impulse, 
completes its vibration in that direction, and returns to the samo 
point again, before it receives the next. 

427. One of the simplest contrivances by which these objects 
are fulfilled, is that known as the duplex escapement ; the action 
<tf which will be easily comprehended by reference to the accom- 
panying figure. AA represents the scape-wheel, which is pro- 
vided with two sets of teeth; — 1, 2, 3, &c., projecting from its 
mdes, and termed the teeth of repose ;~-and a, h^ c, &c., rising 
from the surface of the wheel, and termed Uie teeth of impulse. 
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On the axle of the balance, there is fixed a piece CD, termed the 
impube-pallet ; this stands just above the surface of the scape- 
wheel, so that the teeth a, 5, e^ must strike 
the projecting portion D, when the wheel 
revolves. On the same axis, but placed 
a little below it, so as to be on the levd 
of the teeth 1, 2, 3, &c., is a small roller 
made of ruby; this has a notch cut out 
of one side of it, as seen in the figure. 
The scape- wheel is constantly being urged, 
by its connexion with the going train, in 
the direction from 3 to 1 ; and consequently, in the position 
represented in the figure, the tooth a is just about to strike 
the impulse-pallet D. The impulse being given, the balance 
moves round, and the tooth a escapes from the pallet. The next 
tooth ( does not immediately fall against it, however ; since, 
before it can do so, the tooth 1 has been stopped against the 
ruby roller. There it is held, during the vibration of the 
balance and its return, until the roller comes back into the posi- 
tion shown in the figure, which will permit the point of the 
tooth 1 to pass by thp notch ; so that the tooth b may fall on tlie 
pallet D, and give the balance a renewed impulse just as its 
next vibration is commencing. Thus it is seen that the teeth 
ab c are those which give the impulses to the pallet ; whilst by 
means of the check which, in the intervals,. the points of the 
teeth I, 2, 3 receive against the ruby roller, the train is kept in 
repose* 

428. This escapement is not quite so commonly employed in 
this country, however, as the one known under the name of the 
detached lever. This essentially consists of the dead-beat escape- 
ment (§. 419), ' applied to the balance in such a manner, that a 
straight piece prolonged from the anchor or crutch, on the other 
side of its centre of motion, shall give a momentary impulse to a 
ruby roller fixed on the axle of the balance, each time that either 
of the pallets escapes. 

429. Neither of these, however, is equal in perfection to that 
known, after the name of its inventor, as Eamshaw's detached 
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escapement. This is the one at present uniyezsally employed for 
chronometers and the most accurate timekeepers ; and nothing 
but the delicacy of its construction, and its consequent expensive- 
ness, prevents it from coming into general use. Its action will 
now be explained by the help of the accompanying figure. A A 
represents the scape- wheels the teeth of 
which, I9 2, 3j 4, &c., are considerably 
undercut on the side or face towards 
which they move. At BB is shown the 
«teel roller or main pallet, which is 
fixed on the axle of the balance. This has 
a large notch cut in it; and the side of 
this notch nearest the tooth 1 is guarded 
by a thin plate of ruby, on which the 
points of the teeth strike as they pass it. 
The same arbor carries the small lifting- 
pallet qy which has a projection on one 
side, that lifts the end E j9 of the locking-lever or detent next to 
be descrihed. This lever, EE, has its centre of motion at c, 
where it is attached by a screw to a stud S, which is firmly fixed 
to one of the plates of the chronometer. Near this stud, the 
lever is made thin and elastic ; so that it has a springing power 
which keeps it pressing towards the scape-wheel, unless removed 
from that position. It is prevented from pressing too far, how- 
ever, by the screw ^, which is fixed into the stud D ; for the 
bead of this screw acts as a Hop to the lever, and^prevents it from 
moving further towards the right, than the place in which it is 
seen. At the other end of the lever is an extremely delicate 
spring pf which extends a little beyond the extremity of the 
detent. In the middle of the lever is the pin 0, which serves to 
stop the teeth of the scape-wheel, when the detent is in the posi- 
tion represented in the figure, which is that of repose. 

430. The following is the mode in which these parts act upon 
one another. The tooth 5 of the scape-wheel is seen to be rest- 
ing against the pin ; whilst the tooth I is nearly ready to ad« 
vance and strike the ruby face of the main-pallet BBB, but is 
prevented from doing so by this locking of the wheel. The 



A A 



348 SARNSHAW^S DBTACHBD BSOAPBMBMT.. 

balance, however, being in motion from right to left (by the 
ehisticity of its spring) carries round with it the lifting-pallet ^, 
the projection on which acts against the end of the lifting-spring; 
and this spring, pressing against the end of the detent £E, raises 
it a little from its place, towards D, so as to withdraw the pin o 
from the point of the tooth 6. The wheel being thus unlocked^ 
the tooth 1 strikes against the ruby face of the main-pallet, and 
gives the balance an impulse, which increases the extent of its 
vibration. Before the tooth has entirely escaped, however, from 
the ruby face, the lifting-pallet q has completely passed the point 
of the lifting-spring p; so that the detent is at liberty to fall 
back into its place, which, it is caused to do by the spring at its 
fixed end. Hence, by the time that the tooth 1 has escaped 
from the main-pallet, the pin o will be in a position to check the 
next tooth, 6, which advances against it; and the whole train 
of wheels, therefore, again comes to repose. The balance, having 
completed its vibration forwards, begins to return, by the elas- 
ticity of its spiral spring. In this return, the lifting-pallet </has 
again to pass the end of the Hfting-spring j9y but it now merely 
separates this from the end of the detent, and does not move the 
detent itself. The locking of the scape-wheel still, continues, 
therefore, until the balance has completed its return vibration, 
and again begins to move forwards ; the lifting-pallet will then 
again raise the detent and set free the scape- wheel ; the balance 
will receive a fresh impulse from the action of the teeth upon the 
ruby face of the main pallet ; and the detent will again lock the 
wheel, as soon as the tooth has escaped. All this complex action, 
which occupies so long in the description, is really repeated in 
every half-second, — that being the time in which the balance is 
usually made to perform its double vibration. 

Compe/Mation Balance. 

431. It is essential to the accurate going of a chronpmetery 

that it should be. furnished with some means of compensating the 

action of heat or cold upon the balance-spring, analogous to those 

by which compensation is made for the effect of change of tem- 

erature upon tiie pendulum. This is here also effected, by 
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taking advantage of the unequal expansion of different metals ; 
so that the change produced in the length of the spring may be 
antagonized by a change in the form of the balance, producing a 
variation in the amount of force necessary to move it. From 
what has been formerly stated (Chap. X.) of the principles of 
the Lever, and Wheel and Axle, it is evident that, the nearer 
the chief weight of the balance is disposed to the centre of motion, 
the less amount of force will be required to turn it. Conse- 
quently if — when the action of heat upon the balance*spring has 
weakened it, by increasing its length— the same action can be 
made to cause the weight which the spring has to move, to ap- 
proach nearer the centre, a perfect compensation may be effected. 
In the same manner, the spring being shortened by cold, and 
thereby rendered more powerful, the weight ought to be carried 
further from the centre, so as to require a greater moving power. 
432. These objects are accomplished by the compensation 
balances represented in Figs. 139 and 140* The principle of 
both is the same ; and the only differ- 
ence consists in this, that the necessary 
weight is given in Fig. 139, by a single 
piece W on each arm of the balance ; 
whilst in Fig. 140 it is distributed 
among the four screws, 1, 2, 3, 4, which 
are inserted into each arm. These 
balances are not made in the form of a 
complete wheel ; but are composed of 
the cross-bar A B attached to the axis, ^*'' '^^* 

and of the two circular arms carried 
by its ends. Each of these circular 
arms is a compound bar of brass and 
steel, the brass being on the outside. 
As brass expands by heat much more 
than steel, the effect of a rise of tem- 
perature is to cause the curvature of 
the bars to increase, so that their ends 
a a curl in, as it were, towards the 
cross piece A B, carrying inwards the 

A A 2 
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weights W Vr (Fig. 139), or the screws 1, 2, 3, 4 (Fig. 140) ; 
hence the balance will be more easily made to revolve, and the 
weakened action of the spring will be compensated. On the 
other hand, the effect of cold will be to make the brass con- 
tract more than the steel, and thus to diminish the curve of 
the circular bars, rendering them straighter ; so as to increase 
the distance of the weights from the centre, and thereby to in- 
crease the power requisite to move them ; thus counterbalancing 
the increased power given to the spring by its own contraction. 
' 433. There is much difficulty in exactly adjusting this com- 
pensation to the error it is desired to correct. It may be that 
it is too great ; in which case the chronometer will gain by heat 
and lose by cold. This is corrected by shifting the weights 
/ W W (Fig. 139) towards a part of the circular bars nearer to 
their attachment, so that they may be less influenced by the 
alteration of the curvature of the bars ; and the same result is 
obtained, in the other form of the balance (Fig. 140) by drawing 
out the screws 4, 4, and screwing in 1, 1. On the other hand, 
if the compensation be not suf&cient, the weights must be Shifted 
towards the ends a a of the circular bars, so as to be more altered 
in place, when the curvature of the bars is changed by an alter- 
ation of temperature. The screws C C are obviously not affected 
by these changes of curvature, since they pass into the ends of 
the straight bar A B; but the effect of screwing them in or 
drawing them out, is to alter the rate at which the balance will 
vibrate ; for if the moving power remain the same, and a portion 
of the weight be carried to a greater distance from the centre— 
as it is by partly drawing out the screws C C — ^the vibrations 
will be. rendered slower ; and the contrary effect will be produced 
by screwing them in. Now. in Anally adjusting a chronometer, 
it is found undesirable to alter the length of the balance-spring, 
after the point has once been ascertained at which its vibrations 
are isocbronoi^s or nearly so (§. 403). Hence, in order lo bring it 
to the proper rate, it is found advantageous to make it go faster 
or slower as required, by slightly altering these screws, which 
^.re hence called, t^ distinguish them from the others, mean time 
^crew«». 
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Chronometers, 

434. These are the principles on which the excellence of a 
time-keeper depends. In their application to practice, however, 
everything depends on the perfection with which the machine \^ 
constructed ; and the minuteness of the conditions required for 
the good going of a chronometer may be judged of from the fact, 
with which practical men are familiar, — that, of two chrono* 
meters, constructed upon the same plan, and finished with equal 
care in all respects by the same hand, one may go very well, and 
the other comparatively badly, without any discoverable differn 
cnce between them. In finally adjusting a chronometer, no at- 
tempt is made to keep it exactly to mean time ; that is, to make 
it continue to point, day after day, and week after week, exactly 
to the correct hour ; for it is just as advantageous to allow it tq 
gain or to lose a few seconds a day, provided that the gain or 
loss be regular in its amount ; since the real time may be known 
with equal accuracy from that which the chronometer indicates. 
Thus, suppose that I have a chronometer which was set 36 days 
ago, since which time it has been gaining 5 seconds a day ; if 
its gain have been regular, its whole gain during that period will 
bo (5x36) 180 seconds, or three minutes; and three minutes 
being deducted from the time to which the hands point, we shall 
have the real time. This regular amoi^nt of gain or loss is called 
the rate of a chronometer ; and it is thus expressed ; — When tlie 
chronometer is said to have a rate of + 2*53, we understand that 
it is gaining 2^ seconds per day ; but if its rate is — - 3*2, we 
know that it is losing 3^- seconds per day< The more closely it 
keeps to this rate, the better the instrument will obviously be ; 
but if it vary much from its rate, even though its errors should 
be sometimes on one side, and sometimes on the other, so as to- 
compensate one another, and make the general average the same,, 
the performance is bad, and cannot be relied on. 

435. When the minuteness of the parts of a chronometer is 
considered, and the variety of disturbances to which it is ex- 
posed, the accurate performance to which it may be brought is^ 
most wonderful. For it roust be remembered how very trifling; 
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a cause, if constantly acting (such as a slight thickening of the 
oil), will greatly alter the result. Thus, as there are 1440 
minutes in a day, any cause which makes each vibration of the 
balance (of which there are five in a common watch) take place 
in 1 -7200th part less or more than its usual time, will cause the 
time-keeper to gain or lose a minute a day. And as there are 
86,400 seconds a day, any cause which makes each vibration of 
the balance of a chronometer (which usually occurs 4 times 
in- a second) take place in 1 -432,000th part less or more than 
its usual time, will cause it to gain or lose a second a day — an 
error of very considerable magnitude. "When it was first sup- 
posed that chronometers could be made sufficiently perfect to 
give important assistance in the determination of the longitude 
at sea (the mode of doing which will be explained hereafter), 
a parliamentary reward of £10,000 was offered in 1714 to any 
one who should construct a time-keeper capable of doing so 
within the limit of sixty geographical miles; £15,000, if to 
forty miles ; and £20,000, if to thirty miles. Now a chrono- 
meter that has so much changed its rate as to have gained or lost, 
in a few weeks, two minutes more than it was estimated' to 
have done, would gain the highest of these rewards ; so that the 
utmost degree of accuracy which was contemplated as possible, 
at the beginning of the last century, when this act was passed, 
is far surpassed at present. 

436. The reward was gained by John Harrison, who, in 
1736, completed the first chronometer used at sea, after many 
years of patient study and laborious experiment. He gradually 
improved his machine; and in 1761, the first trial was made of 
it, according to the regulations of the Act of Parliament, by a 
voyage to Jamaica. In consideration of his advancing years, his 
Son was allowed to take this voyage instead of himself. After 
eighteen days* navigation, the vessel was supposed by the captain 
to be 13** 50' west of Portsmouth ; but the watch giving 15** 
19', or a degree and a half more, was condemned as useless. 
Harrison maintained, however, that if Portland Island were' 
correctly marked on the chart, it would be seen on the following 
day; and in this he pexsbted so strongly, that the captain was 
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induced to continue in the same course, and accordingly the 
island was discovered the next day at seven o'clock. This raised 
Harrison and his watch in the estimation of the crew ; and their 
confidence was increased, hy his correctly predicting the several 
islands as they were passed in the voyage to Jamaica. When 
he arrived at Port Royal, after a voyage of 81 days, the chro- 
nometer was found to he ahout 5 seconds too slow ; and finally, 
on his return to Portsmouth, after a voyage of five months, it 
had kept time within ahout one minute and five seconds, which 
gives an error of about 18 miles. This amount was much within 
the limits prescribed by the Act ; but Harrison did not receive 
the whole reward until a second voyage had been made ; and 
large as the sum appears, it cannot be regarded as more than 
equivalent to the devotion of extraordinary talents, with unwea- 
ried perseverance, during 40 years, to the attainment of an object 
whose importance can scarcely be estimated too highly. 

437. As an illustration of the improvements which have 
been since made in the construction of chronometers, the fol- 
lowing circumstance, mentioned by Dr. Arnott* as having 
occurred to himself, is of great interest. ^^ After several months 
spent at sea,"*^ he says, '^ in a long passage from South America 
to Asia, my pocket chronometer and others on board announced 
one morning that a certain point of land was then bearing north 
from the ship, at a distance of fifty miles ; in an hour after- 
wards, when a mist had cleared away, the looker-out on the 
mast gave the joyous call of ^ Land ahead ! ' verifying the report 
of the chronometers almost to one mile, after a voyage of thou- 
sands. It is allowable at such a moment, with the dangers and 
uncertainties of ancient navigation before the mind, to exult in 
contemplating what roan has now achieved. Had the rate of 
the wonderful little instrument, in all that time, been quickened 
or slackened ever so slightly, its announcement would have beea 
useless, or even worse ; — but in the night and in the day, in- 
storm and in calm, in heat and in cold, its steady beat went on, 
keeping exact account of the rolling of the earth and of the 
stars : and in the midst of the trackless waves which retain na 

• Physics, Vol. I. p. 87. 
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mark, it was always ready to tell its magic tale, indicating the 
very spot of the globe oyer which it had arrived.'^ 

438. It is surprising that, in spite of the great advantages 
resulting from the use of Chronometers in Navigation^ many 
ships are sent to sea without them, even for long voyages. Not 
unfrequently must it occur, that the knowledge of the exact 
position of the ship, which may be obtained by the chronometer, 
produces a great saving of time, as well as contributes to the 
avoidance of danger. A remarkable instance of this was men- 
tioned to the author, a few years since, as having just then 
occurred. Two ships were returning to London about the same 
time, after long voyages, one of them provided with chronome- 
ters, the latter destitute of them. The weather was hazy, and 
the winds bafiQing ; so that no ship, whose position was uncer- 
tain, could be safely carried up the British Channel. Confident 
in his position, however, the captain of the first ship stood 
boldly onwards, and arrived safely in the Thames ; whilst the 
other ship was still beating about in uncertainty near the 
entrance to the Channel. The first ship discharged her cargo, 
took in another, set sail on a fresh voyage, and actually, in run- 
ning down the Channel, encount^ed the second ship still toil- 
somely making her way to her port ! 

439. Of the degree of accuracy which chronometers are 
capable of exhibiting, some idea may be formed from the fol- 
lowing statement, kindly communicated to the author by a gen- 
tleman practically conversant with them. A chronometer made 
by Molyneux, had its daily rate determined, in August 183d, 
to be a loss of 7 seconds per day. It was then placed in a ship 
which traded to the coast of Africa, and was consequently ex- 
posed to great variations of temperature. Yet when again 
placed under careful observation, in November, 1840, (sixteen 
months afterwards) its daily loss had only changed to 6-7 
seconds, being a difference of only 3-lOths of a second a day* 
As opportunities for ascertaining the real position of the ship, 
without chronometers, frequently occur at sea, any error in these 
may almost always be detected, before it has accumulated to any 
great extent ; but even supposing that no such opportunity had 
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occurred for six months, and thai the alteration of the rate had 
taken place at once, and had been entirely unknown, the whole 
eiTor would have been under a minute of time, and consequently 
less than 15 miles of space. Another chronometer, constructed 
by Muston, which had made the same voyage, and been out 
about the same length of time, had its previous gaining rate of 
J *9 seconds a day increased to 2 '3 seconds ; the difference being 
here 4-lOths of a second. It is customary for two or more 
chronometers to be carried by the same ship, that they may 
check one another ; for if one alone were trusted to, an acci«> 
dental irregularity in its going might lead to great error. The 
average of several, — their errors counterbalancing each other, — 
will be most likely to give the real time with great exactness. 

Striking Apparatus. 
440. The apparatus for striking the hour is somewhat com- 
plex ; but we shall endeavour to make its action intelligible, as 
it is a very beautiful specimen of ingenious mechanism. The form 
which will be described is that which is adopted in the best English 
clocks : a simpler plan is adopted in the cheap German clocks, 
which are now so largely employed in this country ; but they are 
very liable to get out of order. The difference consists, how- 
ever, only in the apparatus by which the striking is regulated, 
as to time and number of strokes; the mechanism by which 
the hammer is made to strike the bell is the same in both cases» 
It consists of a train of wheels and pinions, put into action by 
the spring contained in the barrel E (Fig. 131) which turns the 
fusee F. The fusee carries round with it the main- wheel, e^ 
which has 84 teeth ; this drives the pinion jt?, of 8 leaves^ which 
carries on its axle the pin-wheel^ /, having 64 teeth. In the rim 
of this pin- wheel are 8 pins, which lift the hammer, «, by acting 
on its tail, ty when the train is in motion. The hammer being 
gradually lifted by each pin, is at lasl let go by it ; and is made 
to strike the bell by the spring u. The pin- wheel drives a pinion, 
qy of 8 leaves, which carries round the pallet-wheel^ g^ of 5& 
teeth : as the pin- wheel has 64 teeth, it turns the pallet-wheel 
pinion 8 times for each revolution of its own, consequently thi» 
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pinion makes one revolution for every stroke of the hammer, 
an arrangement of which the use will he presently shown. The 
pallet-wheel acts on a pinion, z^ of 7 leaves, on which is the 
warning- wheel, h^ of 48 or 50 teeth ; and this last turns the 
fly-pinion t. The ohject of this part of the train is only to 
equalize the motion ; which is principally effected by the con- 
stant resistance of the air against the surface of the plate (termed 
the fly) which is whirled very rapidly round by the highest 
pinion. If it were not for this addition, the pin-wheel would 
move onwards with a jerk, after each pin had escaped from the 
tail of the hammer. 

441. The striking train remains completely at rest during 
each bourns movement of the going train ; and is only allowed 
to act at the conclusion of one hour and the commencement of 
the next. The mode in which it is restrained in the intervals, 
and its action at the proper time permitted and regulated, will 
now be explained. The mechanism by which this is effected is 

shown in Fig. 141. It is situated 
immediately behind the dial. The 
axis of the centre-wheel, as al- 
ready mentioned, is prolonged 
through the dial, to bear the mi- 
nute hand. In the striking clock, 
this also bears a small wheel, a, 
which gives motion to another 
wheel, ft, of the same size and num- 
ber of teeth; hence this wheel, like 
the former, revolves once in each 
hour. On the centre of this wheel is a pinion of 6 or 8 leaves, which 
turns a wheel, c^ with a hollow axle, moving on the same centre 
as a, but at a different rate, as in the watch. This wheel has 12 
times the number of teeth that the pinion contains; and therefore 
moves at only l-12th of the rate. To it the hour-hand is affixed ; 
and it also carries a peculiarly-shaped piece of metal, d^ which is 
called the ma%L, The edge of this snail is cut into 12 steps, each 
of which is a twelfth of the circle of which it forms a part ; but 
the distance of each from the centre increases regularly from 1 to 




Fig. 141. 
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12. At 6 is seen a circular raek^ fixed to the end of a bent lever, 
efffhy whose centre of motion is at/. By the action of the bent 
spring f , this rack will be made to fall towards the left, when 
permitted to do so ; but the amount to which it shall fall, is 
governed by the position of the snail, against the edge of which, 
the pin h will be brought to bear. This spring is prevented 
from forcing the rack out of the position shown in the figure, by 
means of the projecting piece on the lever ^, which turns on the 
centre l^ and drops by its own weight into the teetli of the rack. 
The form of these teeth is such, that when the rack is moved 
from left to right, the catch is lifted by them and allows them to 
pass ; but, so long as it is allowed to drop between the teeth, it 
completely prevents the motion of the rack from right to left. 
The lever ^, with its catch, may be lifted by the bent lever 
mpn^ whose centre of motion is at jt? ; and this is acted on by a 
pin in the circumference of the wheel 5, which is seen in the 
figure, close against the tail of the lever. 

442. Only one other part remains to be described — that which 
is known as the gathering-pallet. The axle of the pallet-wheel 
g (Fig. 131) projects through the front plate; and is furnished 
with a projection, seen at o, resembling one leaf of a pinion. This 
works into the teeth of the rack, in such a manner that, as the 
axle turns round, the rack is gathered up by it, to the amount of 
one tooth for each revolution. When the machinery is in the 
position shown in the figure — which it has during the whole 
time that the striking train is at rest — a projection on the gather < 
ing pallet rests on a pin which projects from the rack, as seen at 
r. It is this which keeps the striking train from acting ; for, so 
long as this projection from the axle of the pallet-wheel bears 
upon the pin, so long must the pallet-wheel, and consequently the 
whole remainder of the striking train, be prevented from run- 
ning on. 

443. But when the time of striking is nearly come, the pin on 
the wheel h acts on the tail of the leYetnpm; the end q of 
which raises the lever k /, and consequently lifts its catch out of 
the rack o, which is thus set free. The spring «*, therefore, 
pressing upon the projection below /, causes the rack to fall 
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towards the left ; and therefore sets free the projection on the 
gathering-pallet, hy withdrawing the pin on which it rested. 
Hence the whole striking train would be set in action hy its 
weight ; if it were not that^ at the same time that the gathering 
pallet is freed, another check is provided. The end g of the bent 
lever mp n bears a projecting piece, which, when the lever is 
raised, stops a pin placed on the circumference of the warning 
wheel h (Fig. 131). So long as the lever remains in this posi-- 
tion, therefore, the striking train is prevented from acting. The 
amount of motion given to the rack is determined by the place 
of the snail. In the position represented in the figure, the pin h 
would be stopped by the second step ; and thus the rack would 
only be permitted to move to the amount of two of its teeth. 
If the position of the hour- wheel were such, that the twelfth step 
of the snail corresponded with the end h of the rack-lever, then 
the pin would not be stopped so soon ; and the rack would fall 
towards the left to the amount of twelve teeth. This preparatory 
action is usually made to take place about 3 or 5 minutes before- 
the expiration of the hour ; and it is called giving coaming, 

444. The machinery remains in this position, until the 
minute-hand points to XII ; at which time, the wheel h has so 
far advanced, that its pin escapes from under the end of tho 
lever, and thus allows it to fall, so that the end g no longer 
checks the pin on the warning wheel. The striking train is now 
set entirely free ; the weight or spring that moves it produces a. 
rapid revolution of its wheels; and the pins on the pin- wheel,' 
acting on the tail of the hammer-lever, cause the successive- 
strokes on the bell. This movement goes on, until it is checked 
by the action of the gathering-pallet on the rack. It has been 
already mentioned that the pallet- wheel, from the axle of which 
the gathering-pallet projects, turns round once for every stroke 
given to the hammer; and in each turn, it gathers up one tooth 
of the rack, causing it to mote towards the right, so as to regain 
its original position. The projecting catch of the lever k I drops 
between the teeth at each advance, and prevents the rack from 
being moved back by the spring i. This goes on, until the rack has^ 
been completely brought back to its first position ; and then the- 
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projection on the gathering-pallet will be again checked by the 
pin r, and the striking train would be brought to rest. 

445. It is evident, then, that the number of strokes will be 
determined by the number of revolutions which the gathering 
pallet is allowed to make; this depends upon the number of 
teeth on the rack which have to be gathered up by it ; and this 
number is regulated by the extent to which the rack is permitted 
to fall, by the bearing of the pin h against the edge of the snail. 
It is almost impossible for any error to be committed by a move- 
ment so constructed; but the striking train of the common 
German clocks, now so largely imported into Britain, is regu- 
lated by an apparatus of simpler construction, which i^ very liable 
to give wrong indications. It principally consists of a large 
wheel (termed the caunt-wheerjy usually placed at the back of the 
clock, on which are cut 78 teeth ; this is so connected with the 
striking train, that it moves on one tooth for each stroke. The 
number 78 is the sum of all the strokes which the clock should 
make in 12 hours; consequently, after all these strokes have 
been made, the wheel returns to the same place again. From 
the surface of the wheel, near its edge, there projects a rim, in 
which are cut a series of notches, at intervals corresponding with 
the number of strokes. Thus, between the first and second 
notches, there is an interval amounting only to one tooth of the 
wheel ; between the second and third notches, an interval of two 
teeth ; and so on, up to the twelfth notch, the interval between 
which and the first is 12 teeth. The use of these notches is to 
receive a catch or projectiou, which keeps the striking train at 
rest during the hour, and regulates the number of strokes. 
When the clock gives warning, this catch is lifted out of the 
notch ; but there is a temporary check applied to the warning 
wheel, as in the last case. When this check is removed, the 
train immediately begins to move, and continues in action until 
it is stopped by the falling of the catch into the succeeding notch. 
The number of strokes is determined, therefore, by the number 
of teeth which the count-wheel shall have moved on, before the 
catch falls into this notchj^-or, in other words, by the number of 
teeth between each notch and the succeeding one. 
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446. ' The advantage of tbis last plan consists in its simplicity, 
and the facility with which the apparatus may be constructed. 
Its disadvantage consists in the readiness with which it may be 
put out of order. For it will be easily seen that if, from any 
cause, the clock be made to strike at an improper time, the count- 
wheel advances, and the number of strokes made will be one 
more than the last; so that, when it should next strike the 
hour, the number of strokes is one too many. Or if any cause 
(such as neglecting to wind up the weight of the striking train) 
should prevent the clock from striking at the proper time, the 
count-wheel remains stationary ; and when the clock next strikes, 
it gives the number succeeding the one which it last struck * 
which may, of coiurse, be altogether wrong. On the other hand, * 
in the more perfectly-constructed clock, the striking may be 
repeated any number of times within the hour, or it may be made 
to cease for a time altogether ; and yet, when the clock next 
strikes the hour, it shall do it correctly. For the number of 
strokes, as just explained, is dependent upon the position of the 
snail ; which is carried round by the hour-wheel, whether the 
clock strikes or not ; and which must, therefore, always corres- 
pond with the place of the hour-hand. In some clocks of this 
construction, there is a simple contrivance for causing the hour 
to be struck at any time. This consists of a lever ^, to one 
end of which the string t is attached, whilst the other carries a 
pin that raises the lever m. The action of this lever is checked 
by the two pins s and z^ which prevent it from being moved too 
far in either direction. When the string t is pulled, the lever m 
is lifted, and all those changes take place, which have been 
described as occurring in the ordinary foaming of the clock. 
When the string is let go, the lever is made to return to its place 
by the spring y ; the lever m falls, the. warning- wheel is released, 
and the proper number of strokes is made. Such a contrivance is 
convenient to those who desire to know the hour during the night. 

447. Where a clock is made to strike the quarters, as well 
as the hours, a third train of wheels is required. The mechanism 
is the same in principle, with that which regulates the striking 
of the hours. The axle of the minute-hand carries round a snail 
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cat into four steps; and on a wheel corresponding to 5, and 
revolving therefore in an hour, there are four pins, one of which 
lifts the lever that sets free the rack, every quarter of an hour. 
The rack has four teeth, corresponding with the four steps of the 
snail ; and the passage of each tooth permits one stroke on the 
quarter-bell. Most frequently, the quarter-stroke is made upon 
two beUs ; and this is accomplished simply by having a set of 
pins on each side of the pin- wheel ; of which one set acts on one 
lever, and the other set (acting a little afterwards, so that the 
two strokes may not be made at the same moment) on the other 
lever. In clocks constructed for purposes in which great accu- 
racy is required, it is necessary to dispense altogether with the 
striking apparatus ; since a certain degree of force is required to 
set it in action, that would derange the very regular movement of a 
delicate and perfect clock ; in which the power of the weight ought 
to be no more than is requisite to keep the pendulum in action. 
448. The same apparatus has been applied to watches ; but, 
when made on so small a scale, and carried about in the pocket, 
its action is extremely liable to become deranged ; and it is 
therefore of little use. The ordinary repeating- watches are made, 
not to strike the hours regularly, but merely to indicate them 
when desired to do so. In order to effect this, it is not requisite 
that the watch should be furnished with a second barrel and fusee 
with a distinct striking train of wheels ; for it is easy to apply a 
power sufficient to produce the strokes, every time that the watch 
is applied to for this information. This is usually accomplished 
by pushing in the pendant^ or projecting portion to which the 
chain is attached; and by this a spring is compressed, which 
sets in action the mechanism that produces the strokes. The 
number of strokes is regulated by a snail, resembling that 
employed in clocks. The ordinary repeating-watches are still 
very complex in their construction; and we prefer describing 
one, invented some years ago by Mr. Elliott of Clerkenwell, iu 
which the number of parts is greatly reduced, by the combina- 
tion of several into one. The striking portion of this watch is 
represented in Figs. 142 and 143. The most important part of 
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it is a flat ring or oentreleas ifheel, of nearlj the same diameter 

with the watcfay 
sopported in its 
place 80 as to ad- 
mit of a circular 
motion, by four 
grooved pnllejs 
round its external 
circumference. In 
Fig. 142, A B i«- 
presents the plate 
to which the dial 
is attached; and 
the flat ring C D, 
with the rest of 
the striking me- 
chanism, lies be- 
tween this plate 
and the dial. The 
fomr pulleys are 
seen at E F O H. 
This ring has teeth 
cut in the part of 
the outer edge, b^ 
nearest to the pendant ; and the rack may be thus turned by 
the wheel a, to which motion is given by turning the pendant. 
At the lower part of this ring is a series of projecting pins ; which 
in the position shown in Fig. 143, act upon the projecting pal- 
let I ; whilst in the position shown in Fig. 143, they act upon the 
pallet r. Of these, the former is destined to strike the hours, 
and the other the quarters. The internal edge of the ring is 
cut into two series of stqfs ; of which the one seen on the left- 
hand side of each figure contains twelve, and regulates the 
striking of the hours ; whilst the one on the right contains only 
four, and regulates the striking of the quarters. When the ring 
has had its position changed by turning the pendant, it is brought 
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back again by a spring contained in the box or barrel V ; the 
action of tbis spring 
ia communicated 
to the ring by a 
chain which winds 
off the barrel, pas- 
ses between the 
pulleys U and W, 
and is attached 
to the ring at X. 
Hence in which- 
ever direction the 
ring is tnmed, 
the chain will be 
drawn off the bar- 
rel, and the spring 
put on the stretch, 
as seen in Fig, 
143; and the elas- 
ticity of the i()ring 
will tend to bring 
back the ring to its 
prcTious position, 
Bhowninli'ig.142. 

448». The regnlation of the number of strokes is effected by 
means of a snail, exactly resembling that of a clock. At I in 
either of the 6gures is seen the quarter-snail, placed on the axis^ 
of the minute-hand so as to revolve every hour, and>ut into 
4 steps. The same axle carries a projecting piece 2, which acta 
on the star-wheel 1, Fig. 143, in such a manner as to push it 
on to the amoant of one-twelfth of a circle at each revolution 
of the minute-hand ; consequently!^ the whole star is made to 
tnrn once in the 12 hours. To this wheel is attached the hour- 
snail, as seen in Fig. 143; the common centre on which they 
turn is marked at L, Fig. 142. The hour-smul acts [npon the 
bent lever P O Q, whose centre of motion is at ; and the end 
P is always kepi against the step of the snail, by the spring 
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seen in Fig. 142. In the position in whichTthe lever is there 
shown, the snail having been removed, the end Q of the lever is 
pressing against the last or lowest step of the fiat ring ; and 
consequently the ring cannot be moved. But supposing the 
end P to be lifted by the snail to the 2nd, 3d, 4th9 or any other 
step, the end Q will be raised to exactly the same amount, and 
will permit the ring to be turned from right to left, untU it is 
stopped by the contact of Q with the corresponding step of the 
ring. In exactly the same manner, the quarter-snail acts upon 
the steps cut in the inner edge of the ring at A, by means of the 
bent lever S R T, whose centre is R. 

449. Now when it is desired to ascertain the hour, the watch 
is held in one hand, and the pendant turned from right to left 
with the other. This causes a corresponding motion in the ring; 
and every pin, as it passes the pallet t, gives an impulse to the 
hammer, which causes a stroke upon the sounding body. The 
extent to which the ring may be turned, and consequently the 
number of pins allowed to pass the pallet, depends upon the 
position of the lever P O Q ; and this, as just explained, is 
determined by the position of the snail. Henci the ring is 
stopped, just when as many pins have passed the pallet, as cor- 
respond with the step of the snail against which the end P of 
the lever is resting. After the hours have been struck, the ring 
is brought to its original position by the spring contained in the 
barrel Y ; and the pendant may then be turned in the opposite 
direction, so as to cause the other set of pins to act upon the 
pallet k^ and to strike the quarters. Its motion in this direction 
is governed by the position of the lever S R T, of which the end 
S rests upon the quarter-snail, whilst the end T checks the steps 
cut in the ring at A. In the position represented in Fig. 143, 
the ring has been turned as far as possible in this direction ; for 
the end S rests upon the highest step of the snail, and has lifted 
the end T so high, that the motion of the ring is not checked until 
it stops at the last step, by which time four pins have passed the 
pallet, ][and four strokes have been made. 
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CHAPTER XIV. 

OF THE HEAVENLY BODIES IN GENERAL,— FORM AND 

DIMENSIONS OF THE EARTH. 

450. The Science of Astronomy maj be said to consist in 
the application of the laws, that have been described as govern- 
ing the actions of bodies upon the surface of the Earth, to the 
explanation of the movements of the Heavenly bodies, and of 
their changes of appearance. It has been well observed by one 
of its most distinguished cultivators, that there is no science 
which, more than Astronomy, requires for its successful pursuit 
the complete dismissal of crude and hastily-adopted notions 
respecting the objects to be examined, and a corresponding readi- 
ness to admit any conclusion which is found to be supported by 
careful observation and sound argument, however adverse it may 
be to the opinions with which the mind was previously possessed, 
and even though it should seem opposed to the obvious teachings 
of common sense, and to the almost universal belief of mankind. 

45 U *^ Almost all the conclusions of Astronomy stand in 
open and striking contradiction with those of superficial and 
vulgar observation, and with what appears to every one, until 
he has observed and weighed the proofs to the contrary, the 
most positive evidence of his senses. Thus, the Earth on which 
he stands, and which has served for ages as the unshaken founda- 
tion of the firmest structures, either of art or nature, is divested 
by the Astronomer of its attribute of fixity, and conceived by 
him as turning swiftly on its centre, and at the same time moving 
onwards through space with great rapidity. The Sun and the Moon, 
which appear to untaught eyes as round bodies of no veiy con- 
siderable size, become enlarged in his imagination into vast 
globes, — the one approaching in magnitude to the earth itself. 
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the other immensely surpassing it. The Planets, which appear 
only as stars somewhat brighter than* the rest, are to him spa- 
cious, elaborate, and habitable worlds ; several of them vastly 
greater and far more curiously furnished than the earth he 
inhabits, as there are others less so. And the Stars themselves, 
properly so called, which to ordinary apprehension present only 
lucid sparks or brilliant atoms, are to him suns of various and 
transcendent glory — effulgent creatures of life and light to 
myriads of unseen worlds. So that when, after dilating his 
thoughts to comprehend the grandeur of those ideas his calcula- 
tions have called up, and exhausting his imagination and the 
powers of his language to devise similes and metaphors illnstnt- 
tive of the immensity of the scale on which his universe is con- 
structed, he shrinks back to his native sphere ; he finds it, in 
comparison, a mere point ; so lost— even in the minutest system 
to which it belongs — as to be invisible and unsuspected from 
some of its principal and remoter members. There is hardly 
any thing which sets in a stronger light the inherent power of 
truth over the mind of Man, when opposed by no motives of 
interest or passion, than the perfect readiness with which all 
these conclusions are assented to, as soon as their evidence is 
clearly apprehended, and the tenacious hold they acquire over 
our belief when once admitted *•" 

.452. In a formal treatise on Astronomy, it may be proper 
to begin with the first principles of the science, which are no 
others than the laws of Motion and of Mutual Attraction, which 
have been stated and illustrated in the earlier part of this volume ; 
and to carry out and apply these, so as to explain the movements 
and changing appearances of the heavenly bodies. Or, on the 
other hand, we might commence with the observed facts, and 
might bring them together in such a manner, as to make evi- 
dent the real explanation of those facts ; in each case avoiding all 
mention of the erroneous systems which have formerly prevailed, 
and which still have possession of the minds of the ignorant. 
It is, again, not an unfrequent or uninstructive mode of com- 
mencing, to 'give a history of these systems, showing how long^ 

* Sir J. Hencliel's Treatise on AatrouoxDj, p. 3. 
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it was before the truth was arrived at, and explaining the 
various steps by which it was attained. In the following chap- 
ters, an attempt will be made to combine these three methods,-— 
each having its particular advantages. The principal appear- 
ances, which strike every person of common observation, will 
£r8t be noticed ; and the explanation which the ancient philoso- 
phers gave of these, corresponding as it does with what seem to 
be the deductions made from them by common-sense, will 
naturally follow. In the progress of time, however, more care- 
ful observation detected many circumstances which appeared 
inconsistent with this view ; and after many attempts to make 
it conform to tnein, it was abandoned by the most intelligent 
seekers for truth in favour of another, which appeared at first 
sight less satisfactory, but which explains every principal phe- 
nomenon that could be discovered with the unaided eye, and even 
predicted some which were not actually witnessed, until the 
invention of the telescope afforded to Astronomy precisely the 
assistance of which it then stood in need. By carefully com- 
bining the observations which were made on these more correct 
ideas, and with improved means, and by sagaciously reasoning 
npon them, those high and general principles were arrived at 
by Kepler and Newton, which give to the Astronomy of the 
present time the charapter of such perfection and completeness. 

453. When we take a survey of the heavens, without being 
interrupted in our view by any intervening obstacle, we see 
them spread out like a vast hemisphere, in the centre of which 
we stand ; and this appears to join at its base the horizon^ or 
boundary line of that part of the earth^s surface which is visible 
to us. By day this immense vault is illuminated by a brilliant 
disk, which ascends from beneath the horizon in the regions of 
the east, gradually travels onwards with a continually ascending 
movement until it reaches the southern point, and then as gra- 
dually descends, until it sinks beneath the western horizon. 
The feeble twilight which it leaves behind is soon extinguished ; 
and then appear from all sides in the immensity of space, a mul- 
titude of luminous points of various degrees of brightness, whose 
numbers augment as the darkness becomes more profound. These 
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bodies, like the sun, are found, by a little observation, to have 
regular and determinate motions. Some of them, like him, rise 
in the east, attain their greatest elevation in the sky as they 
pass the south, and sink beneath the horizon in the west. These 
are succeeded by others, which follow a similar course. All the 
stars, however, do not thus sink beneath the horizon; for there 
are some that never reach this circle, but are constantly above it. 
These also, however, perform a similar circuit ; but there is one 
among them which appears immoveable ; and the stars that are 
nearest to this (which is termed the Pole>star), have the least 
motion. Others, however, scarcely make their appearance above 
the horizon, sinking again almost as soon as they have risen. 

454. Such are the general phenomena presented by the 
starry heavens. They are repeated every night, with a trifling 
variation. If the rising and setting of particular stars be noticed 
from the same place, it will be found that they appear and dis- 
appear a few minutes earlier each night ; and if we accnmtely 
note the time when they pass any particular mark,-^-such, for 
instance, as the end of a wall, along which we look, — we shall 
see that the interval is about four minutes short of twenty-^four 
hours. Now this difference between the solar and sid/ereal 
•days, — ^that is, between the time which the sun requires to 
return to a certain point in the sky, and that which is occupied 
^y a star, — ^is not enough to make any considerable change in 
the appearance of the heavens on two or three successive 
evenings ; but the change becomes very perceptible, when we 
look at them after an interval of a month or two. For in 30 
days, the difference amounts to (4x30) 120 minutes or two. 
hours ; so that we shall see the stars in the same position at 
midnight a month hence, as we should see them at two. horns' 
later to-night. In six months, the change would be so eom- 
plete, that, if the darkness were sufficient to enable us to 
perceive them, we should see the same stars rising and setting 
at six o'clock in the evening, that we now see at six in the 
morning. And after twelve months, we shall find the place of 
the stars, at any given hour, exactly what it is at the same 
hour now i but if we had observed the number of times that any 
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star had risen or set, or crossed any mark, we should find that, 
instead of 365 times, corresponding to the rising and setting of 
the sun, it has been 366. 

455. From the observation of these regular movements, it 
might be concluded that the whole starry firmament revolves 
from east ta west, about the earth as a centre, in 23 hours; 56 
minutes ; and that the central line or axis of its revolution passes 
through the Pole-star« This was in fact the opinion of the 
ancients, who had no conception of the real sizes and distances 
of the heavenly bodies, but who regarded the stars as luminous 
spots, fixed to the interior of the celestial vaults and carried 
along with its revolutions. It was perceived, however, that the 
Sun must have an independent motion of his own ; since his 
place among the stars was known to be constantly changing, by 
the difference in the height to which he rises, and in the conse- 
•quent length of his stay above the horizon, as well as by the 
greater length of time that he requires to return to his line of 
highest elevation in the south. Still more evident was it, that 
the Moon must have an independent motion. For not only is 
there a difference in the time of her crossing any line in the 
skies, to the amount of nearly an hour in a day ; but by watch- 
ing her course in the heavens even for a short time, we can 
distinguish a manifest change in her place among the stars, some 
of these disappearing behind one edge of her disc, whilst others 
seem to start forth from beneath the other. Thus in a singlo 
month, she will have made one whole revolution less than the 
starry firmament. Hence the ancient Astronomers were led to 
attribute, both to the Sun and to the Moon, an independent mo- 
tion round the earth, contrary in its direction to that of the stars ; 
that of the sun carrying him once round our globe in a year ; 
whilst that of the moon was much more rapid, and enabled her 
to complete her reyolution in a month. 

456. The Moon's place among the stars could be assigned by 
direct observation ; but that of the Sun could not, since his bril- 
liant lustre obscures all their paler fires. It could be ascer- 
tained, however, by a very simple process of observation ; for as 
certain stars now pass the southern line or meridian at midnight, 
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ihese same stars will pass it six months henoe at midday ; and 
we may thus be certain of the sun's place among them at that 
time. On the other hand, we know the place of the sun at mid- 
day now, to be among those stars, which crossed the meridian at 
midnight exactly six months ago, and which will cross it again 
six months hence. 

457. But the sun and moon are not the only celestial bodies 
which have a motion independent of that of the starry firmament* 
For the accurate observations of the Chaldean shepherds, who, 
as in later times, "kept watch over their flocks by night," 
appear to have early shown, that, whilst the greater part of the 
smaller luminaries retain exactly the same relative position 
towards each other, there are some (and two of these among the 
brightest of the whole) whioh are continually changing their 
places amongst the rest; sometimes approaching the sun, at 
others receding from him ; sometimes moving directly onwards, 
at others appearing to move backwards ; and yet, with all thb 
apparent irregularity, repeating the same set of movements at 
regular intervals, some of which are of great length. These 
bodies were called Planets or wandering stars, to distinguish 
them from iheyixed stars. 

458. Sometimes there are to be observed in the heavens 
certain luminous bodies quite different in their appearance firom 
those already mentioned, and undergoing changes of a far more 
remarkable character. When first seen, they are small and of 
little brilliancy ; but they gradually increase in size and bright- 
ness, and at last appear like stars of large size, attended by a 
luminous train, which, firom its occasional resemblance to a head 
of hair, has caused these bodies to be termed Comets *. 
These change their places among the fixed stars with greater and 
greater rapidity ; they usually at last approach within a short 
distance of the sun ; and after exhibiting their highest brilliancy^ 
and the greatest extent of luminous train or tail, they gradually 
diminish in apparent size as they increase their distance from the 
sun and from us, and at last disappear wholly from our eyes. 
It is not surprising that these bodies should always have been 

* From ft Greek 'word meaniog Hair* 
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objects of popular wonder and curiosity ; nor that their appear- 
ances, unrestrained as they appeared by any regular laws, should 
be regarded, by the superstitious, as portents of Divine wrath, 
and by the timid as betokening some terrific convulsion, which 
should produce the overthrow of our system. 

'' Hast thou not seen the comet's flaming light ? 
The illustrious stranger passing, terror sheds 
On gazing nations, from his fiery train 
Of length enormous ; takes his ample round 
Through depths of ether ; coasts unnumherM worlds 
Of more than solar glory ; doubles wide 
Heaven's mighty cape ; and then revisits earth 
From the long travel of a thousand years," 

YODKG* 

Of the EartKs Form and Dimensions. 
459. It was not unnatural that, with the limited amount of 
knowledge possessed by the earliest observers, as to the form of 
the Earth, and the variations in the aspect of the heavens occa- 
sioned by a change in their place upon its surface, they should 
have supposed it to be flat or nearly so ; but more extended 
observation seems to have very early led to a tolerably correct 
estimate of its form. For those who lived on the sea-shore must 
have early noticed the phenomenon, which often excites surprise 
even now, in the minds of those who are ignorant of its cause, 
^-of the disappearance beneath the horizon of the hull and lower 
masts of a receding vessel, whilst, the upper masts and sails are 
yet distinctly visible, — or, on the contrary, the appearance of the 
upper masts and sails of an approaching vessel, some time before 
the hull comes into view. This can only be accounted for, by 
supposing that the sea has a curved surface, with which that of 
the land, — ^though' interrupted by hills, valleys, and other irre- 
gularities, — ^must, of course, bear a general correspondence. 
Thus suppose that E A D be a portion of the earth^s surface, 
and that an observer be situated at A^ having the elevation B 
above it : his horizon, in the direction BD, will be limited by 
the line BD drawn to touch the curve at D, since it is evident 
that the portion of the surface below D vnll be invisible to him. 
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through the bulging or curvature at D. Hence if a vessel be 
sailing along the curve, she will be completely within sight until 




Fio. 144/ 

«he reaches D, and after passing that point, her lower part will 
first sink beneath that line, whilst the upper portion will gradn- 
ally follow, as she continues to increase her distance from 
the observer. Now this takes place at the same distance (pro- 
vided the height of the observer be the same) in any direction, 
north, south, east, or west ; so that we know that the boundary 
line of the horizon is, what it appears to be, a drde. Now on 
no kind of curved surface could this be the case, excepting upon 
one that is equally curved in every direction, — that is to say, 
upon a globe. 

460. The extent of the horizon visible from any point, de- 
pends upon the height of the observer above the surface. This is 
evident from the inspection of Fig. 144 ; for if the observer be 
elevated to C, the point E, at which the line 0£ touches the 
surface, is more distant from A, than the point D, determined by 
the line BD, which is the limit of the view of the observer at B. 
A rough estimate of the Earth's magnitude may be formed from 
the knowkdge of the distance of the visible horizon from the eye, 
at any particular level ; for it is very easily proved by geometry, 
that the earth's diameter bears the same proportion to the dis- 
tance of the visible horizon from the eye, as that distance does 
to the height of the eye above the sea-level. Now it appears by 
observation, that two points, each 10^ feet above the surface, 
oease to be visible from each other, over still water, at a distance 
of about eight miles. As the interruption is caused by the con- 
vexity or bulging of the water half-way between them, we may 
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regard the horizon visihle from either point as limited by a circle 
of 4 miles radius. The proportion will therefore stand thus ;— 
as 10 feet : 4 miles (21,120 feet), so 4 miles=8448 miles, which 
is not yery far from the actual diameter of the earth, though 
somewhat too great. Taking 8,000 miles as (in round numbers) 
the actual diameter, we may estimate the proportion of the 
whole surface of the Earth, which can be seen from any eleva- 
tion. The most lofty mountain known does not exceed 5 miles 
in perpendicular height, — a quantity which is no more than 
l-1600th of the Earth's diameter, and therefore bears no larger 
a proportion to the whole globe, than the smallest grain of sand 
would do to a globe of 16 inches in diameter. By a simple rule 
of geometry, it is found that the proportion of the whole surface 
of the globe seen from any elevation, is almost exactly that which 
the height bears to the diameter of the Earth ; so that from a 
height of 5 miles, supposing the view to be uninterrupted in any 
direction^ no more than l-1600th part of the Earth's surface 
would be visible. The proportion visible from the top of Etna, 
the Peak of Teneriffe, or Mowna Roa (in Owyhee), which are 
about two miles in height, is about l-4000th. 

461. The determination of the spherical form of the Earth, 
made by such observations as these, corresponds with that which 
was made, even by the ancient astronomers, from observations 
upon celestial phenomena. For it was early noticed by them, 
that the position of the Pole-Star, and consequently the height 
which all the other stars attain in the sky, is liable to variation, 
when the observer changes his place on the Earth's surface. 
This alteration is most evident in the case of the Pole-Star, which 
appears to a person travelling southward to descend gradually ; 
and which seems to ascend, when the traveller directs his course 
towards it. This change is the necessaiy result of the change in 
the direction of the horizon, which is produced by the curved 
surface of the Earth. Did the observer move along a flat sur- 
face, the plane* of his horizon carried out into the starry sphere 
would always meet it in the saipe line ; but as his own position 

• An imaginary flat surface, pasaiilij through the horizon, and Bpreading out in 
every direction. 
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Fig. 145. 



on the sphere is changed, so is the direction of his horizon, and 
consequently the line in which the plane of that horizon will 

meet the stany sphere. Thus 
an ohserver at A (Fig. 145 ), 
would see the star a immedi- 
ately above his head; the star b 
would be low down in the sky, 
and the star d would be invisi- 
ble to him. But supposing 
that he changed his place to B, 
the star b is now above his 
head, the star a is low down on 
his horizon on one side, whilst 
the star d is seen just above 
it on the other. Again, he 
changes his place to D ; the 
star d is then directly above his head, he loses sight altogether 
of a, and b is low down on his horizon on one side, whilst new 
stars come into view on the other. 

462. Now this change will take place whether he travel 
north, south, east, or west ; but it becomes more evident in tra- 
velling in the northerly or southerly direction — ^and for this 
reason. It has been stated that the starry sphere appears to 
revolve round a fixed line or axis, which passes through the 
Pole-Star, — that star not undergoing any evident change in its 
position, during the whole daily revolution of the Heavens. 
Hence any change in iu height above the horizon is more evident 
to us, than a change in any of the other stars, which are always 
varying their elevation in the sky. If the height of any of these 
be observed, however, when it crosses the meridian or southern 
line (where it attains its greatest elevation), it will be found to 
vary in precisely the same degree as that of the Pole-Star ; but 
they will rise in the southern line whilst the Pole-Star descends 
in the northern. Thus, in the south of Europe, the brilliant con- 
stellation Orion, which with us never rises to any great height in 
the sky, passes completely overhead. The proportion of the whole 
starry sphere seen during its daily revolution, will thus vary in 
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different parts of the Earth's surface. The sanie is true of the 
Sun, when the alteration in his height, which takes place in the 
changing seasons^ is allowed for. A person standing on the pole, 
and having the Pole-Star just above his head, will never see 
more than the northern half of the sphere; since the plane of 
his horizon will cut it at an equal distance between the two 
points round which it turns. 

463. This may be made evident by a simple illustration. 
Hang up an orange or small globe by a string, in such a manner 
that it shall rotate round an axis passing through its centre. 
Then cut out of a sheet ^of paper a circular hole, just large 
enough to allow the orange to pass through, and hold this round 
the eqitator of the revolving globe, — ^that is, round that circle 
which is everywhere equally distant between its two poles, or 
the extremities of its axis. Thel paper will then represent the 
horizon of a person standing at either of the poles ; and the por- 
tion above it will be that part of the sphere seen by an observer 
standing on the North Pole ; whilst the portion beneath will be 
the part of the sphere seen by an observer at the South Pole. 
Now when the orange or globe is made to rotate, it will be seen 
that the same parts of the sphere are constantly above and below 
the horizon ; and that there is no change in the height of any 
point upon it ; so that an observer at the poles would always 
see the same stars, at the same heights in' the heavens, and only 
changing their positions from east to west. The same would be 
the case in regard to the Sun, were it not that his height in the 
sky undergoes an alteration with the seasons. But when he is 
shining directly on the Earth's equator, he will be on the edge 
(as it were) of the polar horizon, — half above and half below ; 
and wiU make a whole circuit in this manner. 

464. On the other hand, let the position of the paper be so 
changed, that it shall still divide the surface into two equal 
halves, but that its plane shall pass through the axis of revolu- 
tion, so as to touch on both sides the string or wire on which 
the globe is suspended. It will then represent the horizon of 
an observer on the Equator ; being every-where equally distant* 
from that spot on the orange, which rises the highest above it on 
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either side. Now the Pole-Star, which marks the northern end 
of the axis of the sphere, and the corresponding fixed point at 
the southern end of the axis (which is not marked by any visible 
star), are now on the horizon ; and as the sphere rcTolves, the 
whole of it is seen to come progressively above the horizon, so 
that, in the diurnal revolution of the sphere, every star in it 
would be visible for 12 hours, if it were not obscured by the 
sun s light. Moreover, the Sun, when shining upon the Equator, 
instead, of passing round the horizon, will describe an arch 
.exactly over-head ; but he will only be seen for twelve hours, 
instead of being visible, as at the Pole, during the whole 
twenty-four. * 

465. On the other hand, the change in the apparent position 
of the stars, occasioned by travelling in an easterly or westerly 
direction, will not make any other difference than that which is 
being continually produced by a change of time. This will be 
evident on referring again to Fig. 145; for if we now suppose 
A B D to be three points on the earth's surface, of which A is 
east and D west of B, we perceive that a person travelling 
eastwards from B to A will perceive certain stars, which were 
previously beneath his eastern horizon, elevating themselves 
above it, — whilst others, which were previously near his western 
horizon, are seen to sink below it. But this very change would 
have taken place in a short time, if he had remained at B ; so 
that, by joume3dng to A, he has merely anticipated them, by 
an amount of time that would suffice (in the diurnal revolution 
of the sphere) to carry the star a to b. On the other hand, if he 
travel westward to D, he loses sight of the eastern stars, whilst 
the western rise in the sky ; and thus he delays, as it were, the 
rising of the former, and the setting of the latter. Precisely the 
same is the case in regard to the sun, which is seen to rise and 
set at A earlier than at B, and at B earlier than at D. > Now 
where the sun and stars rise earlier and set earlier, they must 

* This illustration is better given by the ordinary 'celestial or terrestrial globe, 
"where the horizon is marked by a wooden circle ; but the simple device here pro- 
posed will answer the same purpose to such as haye not the use of these 
instruments. 
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also pass the middle of their coarse or their greatest elevation, 
at an earlier honr ; and, as we reckon our time at each place by 
the moment when the sun is on the meridian or southern line, 
which we call noon or twelve o'clock, it follows that there will be 
a difference of time in different places, according to their easterly 
or westerly direction, — ^the sun coming to his meridian earlier in 
the east, and later in the west; so that the clocks at A will be 
faster than those at B ; whilst those at D will be slower. 

466. By observation of the celestial bodies, then, we can 
determine our position upon the globe of the earth ; and we can 
also measure, not only the distance from one place to another, 
but also the whole diameter of the earth, and even the difference 
between the Polar and Equatorial diameters (§. 480). In order 
to understand the manner of doing this, it is necessary to explain 
what is meant by the division of a circle into degrees, &c. 
Every circle, whether large or small, is considered as divided 
into 300 parts called degrees. The absolute length of the degree 
varies, of course, with the size of the circle ; thus in the part dc of 
the circle ahed^ 
there are just 
as many degrees 
as there arein the 
part C D of the 
circle A B C D, 
or in the part 
CD' in the cir- 
cle A' B'O'D'; 
but C D is equal 
to one-third e J, 
and C D' is 
equal to seven 
times e d. But 
they all form the 
same proportion 
of their respec- Fio:]46. " 

tive curcles ; for the enture inner curcle is one-third the length of 
the middle circle, and one-seventh as long as tbe outer one, {lence 
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the angle between any two straight lines, as OC and 0D% con- 
tains the same number of degrees, whether those degrees are 
measured upon a large or a small circle ; or, in other words, 
the line OC will cut off equal proportions of the several circles 
through which it is drawn. Thus, reckoning from D and D', 
the portion cut off by the line OC is 40 degrees (40°) ; whilst 
that cut off by OB' is 70% and that by OA' is 90° ; and this 
is the same, whether measured upon the larger or the smaller 
circles. The degree is subdivided into 60 parts, which are termed 
minutes ; and each of these is again divided into 60 parts which 
are called seconds. It is necessary to bear continually in mind the 
difference between minutes and seconds, as employed to express 
the division of the circle, and the division of time. 

467. It is further necessary to explain the difference between 
the visible horizon and the astronomical horizon* The former has 
been explained to be the boundary of the prospect seen firom any 
part of the earth's surface ; and it might be supposed that, in 
order to ascertain the amount of the starry sphere which would 
be seen above this, nothing more would be necessary than to 
carry out a plane passing through this small boundary circle, 
until it should meet that sphere. And this is really the case ; 
but it requires a little explanation to show, that a complete half 
of the vault of heaven is seen from any point of the earth's 
surface. For let the inner circle in Fig. 146 represent the 
earth ; the .boundary of the horizon, to a person at a is deter- 
mined by the line ef; and this line does not cut off by any 

.^means hiilf of the two outer circles, but a portion of each, which 
is less (on either side) than the whole, by a distance almost 
exactly equal to the radius O a of the earth. It is seen, how- 
ever, that the proportion thus cut off from the larger half- circle 
is very much less than that which the smaller one loses, being 
only about 8°, whilst the latter is 22°. 

468. Now, if we were to draw a circle at double the distance 
of A' B' D', the proportion of it that would be cut off by ef 
prolonged would be still less ; and it would continually diminish, 
with the increase in the dimensions of the circle ; so that the 
horizon of a person standing at a would come to be almost exactly 
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the same as if it were bpuaded hy the line p D drawn through 
the centre of the earth, and parallel to ef. For the more dis- 
tant the outer circle, the more insignificant do the small parts of 
it, eff and /D, come to he in proportion to the rest ; and as a 
matter of fact, the nearest of the fixed stars is at a distance from 
the earth so immensely exceeding the radius O a of the earth, 
that the cutting off a ring of 4000 miles broad (as it were) from- 
the lower edge of the hemisphere, does not make any sensible 
difference in its completeness ; and the astronomical horizon at. 
any place is virtually the same (in regard to the fixed stars at 
least) as if it were bounded, not by the line e /, but by the line 
^ D drawn parallel to it, through the centre of the earth ; and 
there are many reasons which make it convenient thus to deter- 
mine it. In regard to the sun and planets, however, which 
seem to moYe in circles smaller than those of the fixed stars, 
the visible and astronomical horizons have a perceptible differ- 
ence ; and this is still further the case with regard to the moon, 
on account of her nearer proximity to the earth, which makes its 
radius (4000 miles) of some consequence in proportion to the 
circle in which she moves ; so that her visible path is actually 
less than it would be if viewed from the earth^s.centre, by that 
quantity cut off from each extremity of it* 

469. If, on the other hand, the observer be at any consider- 
able height above the earth^s surface, his horizon is extended to 
rather more than a hembphere ; so that to a person on the top 
of a hill, the sun* does not set so early as it does to an observer 
on the level surface. The late celebrated aeronaut, Mr. Sadler, 
having once ascended in a balloon from Dublin, at about 2 o'clock 
in the afternoon, was wafted across the Channel, and approached 
the British coast as the sun was setting. His balloon was 
sinking too fast, however ; so that he would have descended in 
the sea. To avoid tlus, he threw out his ballast, and suddenly 
sprung upwards to a great height. His horizon being thus 
extended to a larger portion of the sphere, the sun again came in 
sight above it ; and he thus vntnessed what might be termed 
a western sunrise. He subsequently descended in Wales, and 
thus witnessed a second sunset on the same evening. 

cc 2 
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470. ** la ftU measurements of the place of the keayenly bodies, 
it is necessary to make an allowance for the influence of our 
atmosphere in rtfractxng^ or bending from their regnlar straight 
course, the rays of light which proceed from them to us. This 
refraction does not take place (for reasons which will be explained 
in the Treatise on Optics) when the rays come from a body in 
the zenithy^^-^^'sX is, in the point of the starry sphere which is 
just OTer our heads, a'nd which is therefore equally distant from 
the horizon on erery side ; and hence a body which occu^es this 
spot is seen in its actual place. On the other hand, it very much 
changes the apparent place of a body seen in the horizon, making 
it seem higher than it really is ; and the rays of all the heavenly 
bodies, which are situated between the zenith and the horin>n, 
are more or less affected by it,— the more, when they- are low 
down in the sky, — ^the less, as they are more elevated. Hence, 
the apparent descent of the sun, moon, and stars, below the 
horizon, is retarded ; that is, these bodies are seen by as above 
the horizon, when a straight line drawn frt)m our eyes through 
the visible horizon would find them below it. So much is this 
the case, that, when we see the lower edge of the sun or moon 
just resting (as it were) upon the horizon, the whole disk is 
really below it. Hence the duration of night and darkness is 
very perceptibly shortened by this influence. It would produce 
great errors in all calculations made from astronomical observa- 
tions, if its amount were not exactly known and allowed for ; 
but as it has been very correctly ascertained, for every degree of 
elevation which the body may have in the sky, there is no 
•difficulty in making the necessary correction, by subtracting 
from the observed height a certain number of minutes and 
seconds, which is stated in the tables drawn up for the purpose. 

471. We are now prepared to understand the general prin- 
oiples, npon which, by observation of the heavenly bodies, the 
relative places and distances of various spots upon the earth's 
surface may be exactly ascertained. It will be remembered that, 
to an observer at the north pole, the pole-star will appear in the 
zenith ; whilst, by an observer at the equator, it is seen in the 
horizon. In travelling southwards from the pole, therefore, to 
any part of the equator, the pole-star will appear gradually to 
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descend in the sky. The height of the pole-star above the 
horizon, therefore, will correspond, for every place^ to its distance 
from the equator. Now the whole distance from the zenith to 
any point of the horizon being a quarter of the entire circle of 
the starry sphere, or 90^,— *and the distance of the pole from the 
equator being a quarter of the entire circle of the earth, and also 
90% — ^it follows that the number of degrees of elevation whicb 
the pole-star has above the horizon corresponds with the number 
of degrees which the particular spot, where the measurement 
18 taken, is distant from the earth s equator. Thus in Fig. 146^ 
supposing a to be one of the poles of the earth, and d a point oa 
its equator, whilst b and e are two intermediate points on its 
surface, the pole-star will be seen from a in the zenith, or ai 
90^ from the horizon, indicating that a is at 90^ from the 
equator ; — at d it will be seen on the horizon, or at 0°, indicating 
that the spot is at no distance from the earth's equator, or is on 
it ; at ^ it will be seen at 70° above the horizon, and wiU thus 
indicate that the point h is at *J0° from the equator ; — whilst at 
Cj being seen at 40° above the horizon, it will indicate that the 
distance of e from the equator is 40°. 

472^ A corresponding change will take place in the apparent 
positions of all the other heavenly bodies which we see on the 
nor^ern side of us ; but the contrary change will occur in the 
height of those on the southern side ; for these will rise higher 
and higher in the sky as we travel from north to south. Thus, 
when the sun shines directly on the equator (which happens 
twice in every year, — see Cliap. XX.), it will be seen by an 
observer there at the zenith, whilst to a person at either of the 
poles it will appear in the horizon. Hence, as the observer 
travels northwards^ the sun will appear to descend ; and he. will 
consequently measure his distance from the equator, not by the 
sun's elevation above the horizon, but by its distance from the 
zenith. Thus to an observer at <;, the sun will appear at neon 
(the time of his highest elevation), at 40° from the zenith, — or in 
other words, at 50° above the horizon ; — whilst by an observer 
at h, it will be seen at 7^ ^^^ the zenith, or at only 20° above 
the horizon. By ascertaining the sun's place at noon, therefore,. 
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we can determine the distance of the place from the equator, 
which is termed its latitude, as well as by the observation of 
the height of the pole-star ; and this is, on many accounts, the 
better plan to pursue. 

472*. It is only on two days in the year, however, that the 
sun actually shines on the equator ; for at all other times, itd 
rays fall vertically upon a point either above or below it* Now 
supposing that it should be shining upon a point 20^ above d, 
then it will be seen by observers at c and 6, 20^ higher in the 
sky than it would appear when shining on the equator ; and to 
an observer at a, who previously saw the sun in the horizon, it 
^ill now appear 20° above it. This does not alter the real latitude 
of the place, however ; and allowance must therefore be made, 
in calculating the latitude from the height of the sun, for this 
change in his position. Thus, in order to ascertain the latitude 
of the point Cy we first ascertain the distance of the sun from the 
zenith at noon, which is now 20° ; this gives us the distance of 
e from the point on which the sun is shining vertically ; but as 
that point is itself 20° from the equator, we must add this 20° to 
the other, in order to express the distance of c from the equator, 
or its latitude. On the other hand, we will suppose that the sun 
is shining on a point 20*^ behto the equator; it will then be alto- 
gether invisible at the north pole, and will appear to a person at 
the south pole to be 20° above the horizon ; whilst at h and c it 
will appear to be 20° lower down in the sky than when it was 
shining on the equator, so that it will be on the horizon at bj and 
at an elevation of only 20° at c. Hence, as the zenith-distance 
of the sun, at either of thesp points, gives us the number of 
degrees which it is. distant from the point whereon the sun is 
shining vertically, and this point is 20° south of the equator, we 
must subtract 20° from the observed zenith-distance, to find the 
true latitude of the place, or its distance from the equator. 

473. The latitude of any place may thus be ascertained with 
the moat perfect exactness, provided that we are precisely in- 
formed of the sun's declination, — that is, of the distance of the 
point on which the sun is shining, from the equator, — for each par- 
ticular day. During the six months between the 20th of March 
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and the 23rd of September, the sun is vertical on some point 
n&rih of the equator; its declination commencing with the 21 st 
of March, goes on increasing until the 22nd of June, when it 
arrives at its highest amount, the sun being then vertical on a 
point 23^° (nearly) north of the equator. It then diminishes as 
gradually, until, on the 23rd of September, the sun again be- 
comes vertical on the equator. The southern declination then 
begins, and reaches the same limit with the northern on the 21st 
of December ; after which it begins to decrease, until the sun 
again becomes vertical on the equator on the 21st of March. 
Now the amount of declination may be calculated with great ex- 
actness, for each day in the year ; and is specified, in tables con- 
structed for the purpose. Hence in determining the latitude of 
any place on land or at sea, nothing more is necessary than to 
take the sun's altitude at noon, by means of the instrument 
termed the quadrant, which will be immediately described ; — 
this altitude is first corrected by subtracting the allowance which 
it is requisite to make for refraction (§. 470) ; it is then sub- 
tracted from 90^, which gives the sun's zenith distance ; and 
this is corrected by adding the sun's declination for the day, if it 
be iwrih^ and subtracting it, if it be south. The result is the 
latitude of the place. 

474. The determination of the altitude of the sun is effected 
by instruments of measurement, which are termed quadrants. 
The principle is the same in all, and the difference consists in the 
mode of applying it. Again referring to Fig. 146, let us sup- 
pose O abed iohe sl fourth part of a small circle of wood or paste- 
board, divided into degrees and portions of degrees; and G to be the 
place of the body whose altitude is to be measured. In order to 
effect this, the lower edge O d of this quarter-circle must be 
directed to D^ the horizon ; the eye then observes from O the 
position of the sun or star at C, and the line in which it is seen 
is marked on the divided edge of the quadrant. From the prin- 
ciples already stated respecting the division of the circle 
(§. 466), it is evident that the number of degrees in the arc c a 
cut off by the line O c, upon the circle abed, is precisely equiva- 
lent to the number in the arc C I^, cut off by the same line pro- 
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onged, from the circle A'B'C'D' ; and thus the one is determined 
by the other. A large quadrant of this kind is employed in 
fixed obseryatories ; but it is necessary to devise some other in* 
strument of a portable kind, for the measurement of the altitudca 
of the heavenly bodies by the voyager or traveller, 

475. The accompanying figure represents a quadrant adapted 
for this purpose. It consists of a fnune BCDE, carrying the 

quarter--circleDE, ' 
which is divided 
into 90> ; .and 
of a moveable 
bar, AB, which 
turns on a pin at 
B that passes 
through the cen- 
tre of the circle. 
At A and B are 
two 9i^hts^ that is, 
upright pieces of 
brass, with a nar- 
row slit, through 
which the eye of the observer looks at the horizon. At C is 
another upright piece of brass, termed] the shade-vane; and 
the purpose of it is to cast a shadow, when turned towards the 
sun. In using this quadrant, the observer lays hold of the bar 
AB, and looks steadily through the sights A and B, at the line, 
of the horizon ; he then makes the quadrant turn upon the eentre 
B, so as gradually to raise the shade- vane C, until the edge of 
the shadow thrown by it comes to correspond with the dit in the 
horizon-vane B. At this time, the line drawn through AB is 
directed to the horizon ; whilst that drawn through B and G is> 
directed towards the sun : the scale shows the angle between 
them, which is, of course, the sun s altitude. This instrument,, 
however, is now but little used ; the one which is termed HskL* . 
ley^s quadrant (after the name of the inventor) beiug preferred, 
to. it. In the latter, the sun^s image falls upon a mirror which 
is fixed upon the bar AB ; and this is turned, until his difk is; 




Fig. 147. 
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reflected to the eye, so as to coincide with the horizon. Now by 
a Tory simple law of optics, the reflected image will move a whde 
degree for every half degree that the mirror is tamed ; conse* 
qnently half degrees on tlie scale measure whole degrees of the 
sun's elevation. The instrument employed for the simple meat 
surement of the sun's altitude, therefore, need not be a quadrant, 
since a scale of 45% or an eighth part of the circle, is sufficient to 
measure 90^ in the heavens. Accordingly, oetants (as they 
should properly be called, rather than quadranUi) are sufficient 
for this purpose ; but as they cannot measure any greater disr 
tance, they are now generally put aside for the iextani^ an in* 
strument constructed upon the same plan, which has a scale of 
W* or one-sixth of the whole circle, and can therefore measive 
120°, — a range which is necessary for taking distances between 
the sun and moon, or between the moon and stars, by which 
means the longitude is determined, as will be presently explained* 
476. Now, it is by measurement of the actual distance 
between two points on the earth's surface,_who6e distance in 
degrees ^that is, the proportion of their distance to the whole 
circumference of the earth,) is ascertained by astronomical ob* 
servation, that we are enabled to determine the real dimensiona 
of our globe. It is obvious that, as the poles are equally distant 
from every part of the equator, it is of no consequence along 
which of the circles that we may draw through the poles, cross- 
ing the equator (which are termed meridians), we make our 
measurement; since the degrees will have the same value or 
actual length in all. We shall presently And, however, that thet 
length oi the degree is diflerent according as it is measured near 
the pole or the equator on any meridian ; but taking its average 
amount at 69^ miles, which is very near the truth, we deter* 
mine the whole circumference of the earth by simply multipljdng 
this by 360, which gives as the product 25,020 miles.. SuppoS'* 
ing the earth to be a perfect sph^e, its diameter might b0 
readily calculated from its circumference, and would be found oa 
this estimate to be about 7060 miles. But this is not the oase;^ 
for, as already mentioned, the earth is an oblate spheroid, or ft 
sphere flattened at the poles like an orange; which form haa 



388 MEASUREMENT OF ▲ DEGREE. 

been given to it by tbe operation of the centrifugal force, result- 
ing from its movement on its axis, when its mass was in a soft 
condition (§§. 95, 215). Its real form and dimensions are 
ascertained by the comparison of the length of the degree in difi- 
ferent parts of a meridian. 

477. In making such measurements, it is of course desirable 
that as level a oountry as possible should be selected ; and that 
the line measured should be in the exact direction of a meridian. 
But this is not absolutely necessary ; for by the ordinary process 
of surveying, the distance between any two marked points, — as, 
for instance^ a church-spire and a tower on a distant hill, — may 
be exactly determined in spite of intervening obstacles ; and a 
similar process being carried on over a large extent of country, 
the distance, in a straight Hne, between any two points may be 
precisely ascertained, although the line of measurement has been 
continually varied in its direction, according to convenience* 
With such accuracy are these processes now conducted, that an 
error of 10 feet in the measurement of a degree would be re- 
garded as a considerable one ; and the error in fixing the dis- 
tance of the two extreme points by astronomical observation can 
scarcely exceed (if proper care be employed) a single second. 
These errors may tend to correct each other ; but supposing 
them both to tend the same way, so as to give a result greater or 
less than the truth, the whole amount of difference between the 
true diameter of the earth and the estimate thus formed, would 
not exceed about the third part of a mile; and this would be 
large allowance. It is not requisite to measure an exact degree ; 
since the proportion of the part measured to the whole circum- 
ference is as readily determined, whether it be one, two, three, 
degrees, or any uneven quantity. The longer the portion mea- 
sured, the less will be the probable error of the calculation from 
it. Thus, when an arc of 12^ degrees was measured by the 
French government, or the arc of nearly 16 degrees was mea- 
sured in India by the British, the probable error would not be much 
more in amount, than that which would be incurred in measuring 
a single degree ; and would be thus reduced, for each degree, to 
1 part in 12^ in the former case, and 1 part in 16 in the latter. 
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478. Now the length of a degree of latitude, — ^that is, the 
measured distance between two points which are found by astro* 
nomical observation to be a degree apart from one another, — ^has 
been ascertained by measurement in Peru, where the lower end 
of the arc joined the equator, to be 362,808 feet. In India, at 
16° from the equator, it is 363,044 feet, or 236 feet more. At 
the Cape of Good Hope, at 33"* from the equator, it is 363,713 
feet, or 905 feet more than in Peru. At Rome, in latitude 43% 
it is 364,262 feet, or 1,454 feet more than at the equator. In 
England, in latitude 52^% it is 364,971 feet, or 2,163 feet mote 
than at the equator. And in Lapland, in latitude 66^^ it is 
365,782 feet, being 2,974 feet, or nearly three-fifths of a mile 
longer than on the equator. It is thus seen^ that the length of 
the degree increases with the latitude ; and if a degree were 
measured still nearer the poles, the increase would be found to 
be much greater. 

479. The mode in which this difference is produced by the 
peculiar form of the earth, may be explained without much 
difficulty. It has been shown, that the alteration in the 
horizon, and therefore in the height of the sun, of the pole-star, or 
of any other celestial luminary, above it, is due to the curvature 
of the earth's surface, producing a change in the direction of the 
observers view. No such alteration would take place, if he 
travelled for any distance along a perfectly plane or level sur- 
face. Now, from the description of the form of the earth which 
has been already given, — that of a sphere flattened at the poles 
like an orange, — it is evident that its surface more nearly 
approaches to a level in the polar regions, than if the earth were 
a perfect sphere ; whilst it is more curved in the equatorial 
region. Hence, an observer would have to travel further in the 
polar regions, to produce any given change in his astronomical 
horizon, and consequently, in the height of the stars, &c. above 
it ; in other words, the length of the degree would be greater. 
But, at the equatorial regions, the curvature is more rap]d,~and 
the horizon is therefore altered much more by the same change 
of place ; so that the stars will be raised or lowered adegree in the 
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sky, by a less alteration in the position of the observer ; — in other 
words, the degree ,as measured on the earth'ssurface, will be shorter^ 
' 480. By calculations founded on these measurements^ it is 
found that the length of that diameter of the earth which joins 
the poles is about 7809 miles ; whilst the length of any dia* 
meter joining two opposite points of the equator is 7025^ miles ; 
so that the difference of the two diameters is 26^ miles. This 
estimate corresponds exactly with that which has been formed 
by comparison of the length of the seconds' pendulum in different 
pbices (§. 277). 

481. When we have ascertained the tadttide of a place, we 
have done something to determine its position on the earth's sur^ 
hce ; but not nearly enough. We have only found out that it is 
at a certain number of degrees from the equator ^ and every 
point in a circle, drawn parallel to the; equator, and at that nnm* 
ber of degrees from it, will have the same latitude. Henoe we 
not unfreqnently speak of two or more places, whose climates we 
aore comparing, as being under the tame parallel of latUude; 
meaning that their latitude is the same, or that they are at the 
same distance from the equator. Now if we can specify the 
point of that circle at which the place of observation is, we de« 
tenmne its position on the globe ; and it is described by the 
l^umber of degrees which it may be east or west of & certain line 
drawn from the pole to the equator, and termed the meridian of 
aay place through which it passes. Now the astronomers of all 
oountries have agreed to make the equator the standard from 
which they reckon their latitude ; but they have not 'made a 
similar agreement respecting the fnertdian from which they shall 
Pleasure their eastward or westward distance, which is called 
their hngitude. Thus British astronomers and navigators reckon 
from the meridian of Greenwich, as do in general those of the 
'^nited States ; but in France the meridian of Paris is regarded 
as the standard; whilst the Prussians reckon from that of 
Berlin ; and the Germans from that of the island of Ferro, one 
of iho Azores. The determination of the distance eastward or 
westward from the standard ineridian,~^r, in other words, of 
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the longitude, — ^is not effected with nearly the same fadlity as 
ihe determiQation of the latitude ; for although the horizon^ and 
the apparent places of the heavenly bodies, are as much altered 
by travelling eastwards or westwards, as they are by travelling 
northwards or southwards, yet they are only changed in the 
same manner as they would be by the simple lapse of a fev/ 
minutes or hours, supposing the observer to remain at rest 
(§. 465) ; and therefore in all calculations made from obsenra* 
tions of this kind, to ascertain the longitude, the knowledge of 
the time comes to be an essential element. 

482. The general principle on which these calculations are 
made, is easily explained ; it is only in applying it to practice, 
that any difficulty exists. The time of any place is determined 
by the sun's passage across the meridian, which in our northern 
hemisphere is the southern point ; whilst in the southern hemi- 
sphere it is the northern point : at this point of his circuit, 
which is midway between the points of his rising and setting, 
he attains his greatest height in the sky. The moment when the 
centre of the sun's disc is on this line, is the hour of noon, or 
twelve o^clock ; and ^the interval between one noon and an- 
other we divide into twenty-four hours. Now as the hour of 
noon is determined by the sun, all the other hours of the twenty- 
four, dating (as it were) from this, are also fixed by it. As' the 
sun, occupies twenty-four hours to make his whole circuit, and 
travdbs from east to west, it is obvious that he will make his first 
appearance, and will cross the meridian, an hour earlier at a 
place one-twenty-fourth part of the whole circumference, or 15% to 
the east of us, than he does with ourselves ; and therefore their 
whole time will be an hour b^ore ours. On the other hand, he 
makes his first appearance to us, and crosses our meridian, an 
hour earlier than he does at a place 15® to the westward of us ; 
and hence their time is an hour behind ours. Hence for every 
degree of longitude there is a difference of four minutes of time; 
the time being earlier when we go towards the east, and later 
when we journey to the west. A traveller leaving London and 
travelling westwards to Bristol, finds his watch, which was set 
correctly by London time, about 11 minutes too /<ut by that of 
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Bristol, tbeir difference of longitude being nearljr 3°. Bat, on 
the other luuid, a traveller &om Penzuice, coming eastwards to 
Bristol, would find hU watch 11 mioatea too ilow hy Bristol 
time ; FenziDce being nearly 3° west of Bristol. 

483. The time of any place is most correctly determined by 
means of the Tnmtit-Irutrument ; by which the exact moment 
oaa be observed, when the sua, or any of tlie fixed stars, crosses 
the meridian. It conaiata of a telescope, supported in such a 
manner, that it can only move up and down in the plane of the 
meridian, having no horizontal movement whatever ; and tbos, 
at whatever height the body may be, vrhose trannt, ur passage 
across the meridian, is to be observed, the time when it does so 
may be known, by aimply directing the teleacope to the point at 
whi^ we know that it ought to cross, and wtuting un^ it shows 
itself exactly in the centre of 
the telescope. The genraal 
construction of the instroment 
is shown in the adj<»ning 
figure. The telescope, «, is 
firmly attached to a hurizootsl 
axia, d, made in the form of 
two conce, united in the mid- 
dle, where it haa to support 
the greatest pressure. The 
ends of tliis axia rest in the 
angle formed by two pieces 
abaped like a Y, of which one 
is eupported on each side by 
the frame-work b, c ; and this 
frame-work is attached to the 
circle a, through which pass 
the screws that fix the inetra- 
ment to the place selected for 
it. When once fixed in such a 
manner that the telescope ie 
alwaysdirectedtoBOmepointin 
TUHin iHtniuiiiitT. the meridian line, it most not 
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be moved. It is customary to set up a mark at somo distance, 
hy which it can be seen if the telescope is exactly in its place. 
One end of the axis carries a graduated circle, /, by which the 
telescope may be made to point exactly to the desired inclination 
on the meridian line. 

4S4.. The exact centre of the telescope is marked by a very 
fine thread, passing from top to bottom of the circular aperture 
through which we look ; and there are also one, two, or more 
threads on each side of the central one, the use of which will 
presently appear. In making an observation of a trannt, the 
observer adjusts the telescope to that point of the meridiaa 
at which he knows that the sun or a certain star will cross it ; 
and being aware of almost the exact moment when it is to be 
expected, he takes his station at the telescope, and watches until 
it makes its appearance. An assistant then calls out the exact 
time by the clock, and goes on counting the seconds, until the 
observer sees the star or the edge of the sun touching the first 
wire ; when he notes the exact time at which this happened. He 
then looks out for its contact with the second wire, and notes the 
time as before. The third wire will be the central one, if the 
instrument have five ^ires ; and the observation of the passage 
of a star across this might seem to give all that was required. 
But it is very desirable not to trust to a single observation alone; 
and the multiplication of the wires is intended to permit a larger 
number of observations, so that their separate errors may check 
each other. After the star has passed the central wire, the 
observations are still carried on upon the times of its correspond- 
ence with the other two ; and these times are accurately set 
down. An average of all the five observations is then taken in 
the following manner. The times of the Ist and 5th, and of the 
2nd and 4th, are severally added together and their sums divided 
by 2 ; if the observations have been accurate, the result will be 
the same from each, and will correspond with that of the single 
observation upon the central wire. For the instrument is so 
constructed, that the Ist and 5th wires are at equal distances on 
the two sides of the central one ; and the 2nd and 4th at half 
that distance. 
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485. Thus, snpposiiig the distance of the wires to be sach, 
that the sim^ or a star, occupies 30 seconds in passing firom each 
to the next, its contact with the 1st wire will take place a 
minute earlier than its arrival at the 3rd or central wire ; and 
its contact with the 2nd wire will be 30 seconds earlier. On 
the other hand, its contact with the 4th wire will be 30 seconds 
later than its -passage across the central wire ; and its contact 
with the 5th wire will be a minute later. Thus supposing that 
the time when a star actually crosses the meridian is 35 minutes 
past 10 o'clock, the following will be the times when it will pass 
the several wires :— • 

h. m. see. h. m. sec. h. m. sec. fa. m. sec h. m. see. 

1. 10 34 II. 10 34 30 III. 10 35 17. 10 35 30 V. 10 36 

It is evident that, hj adding together I and Y, and also II 
and lY, and halving each sum, we shall obtain as the result 
10 b. 35 min.; which corresponds exactly with the observation 
made upon the central wire. If this correspondence did not 
take place, however, there would be a slight error in one or 
more of the observations ; and if it could not be found which 
was the faulty one, the error would be«probably reduced by 
taking the mean or average of all of them. There is another 
advantage resulting from the power of thus making sevend 
distinct obser^tions. It not unfrequently happens, especially 
in such a variable climate as ours, that the sun or star cannot 
be distinctly seen during the whole time that it is crosnng the 
field of the telescope; and may, perhaps, be obscured just when 
it would be touching the central wire. H^ice tins obs^vation 
might be altogether lost, if it were not for the aid guned from 
the rest. For if we know the time when the luminary touched 
the 1st and 2nd wires, and know that it would require two 
intervals of 30 seconds each, to pass on to the 3rd, we can 
calculate exactly the time when the third would be reached, 
even though we are prevented from seeing the contact. Thus 
we only lose one or two out of five observations ; instead of 
losing our observation altogether. Of course, the observation of 
even one or two wires will be useful, when the rest cannot be 
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oeen ; but the greater the number of contacts observed, the less 
chance Tvill there be of error. 

486. The mode in which such observations are employed, 
for the regulartion of clocks and chronometers, may be very 
easily understood. If the tables calculated for the purpose give 
5 minutes past 11 as the hour when a particular star crosses tlie 
meridian, and our clock stands at 6^ minutes after 11, at the 
moment when the star is seen on the central wire, we know 
that the clock is a minute and a half too fast. In the case of 
the sun, there would be equal or greater simplicity, if the earth 
moved round him at the same rate in every part of its orbit ; 
for the clock ought then to point exactly to 12 o'^clock each day, 
when his disc crosses the central wire of the transit instrument. 
But this, in consequence of the- varying rate of the earth's 
motion, is not the case (§. 655) ; for, supposing the clock to keep 
accurate time, the sun would sometimes cross at a few minutes 
before 12, and sometimes at a few minutes after. As the 
amount of this difiFerence, which is termed the Equation of time, 
is accurately known for every day in the year, it is easy to 
correct the clock from the sun's passage across the meridian, by 
adding or subtracting the number of minutes and seconds, that 
the clock ought to be faster or slower than the sun. Thus, if 
the Sim pass the meridian at 3^ minutes before 12, by my clock,, 
and I £nd in the Equation table that the sun is on that day 
2 minutes faster than the clock, I know that the clock is 
1| minute too slow. 

487. It is a remarkable circumstance, which has now been- 
noticed in several instances, — that some persons see the passage 
of a star, or make any other similar observation, a considerable^ 
part of a second earlier than others. This singtdarity was first 
noticed by Dr. Maskelyne, who was Astronomer Royal in the 
latter part of the last century ; for he found that his observations 
were constantly about y-lOtha of a second before those of his 
assistant. A still larger difference exists between two celebrated 
astronomers of the present day. It is not easily to be accounted 
for, since it is found to continue when the observers exchange 
places, and to be quite independent) therefore, of their instru- 
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menis. It migbt, however, be a cause of serious error in the 
comparison of longitudes, by means of transit observations ; for 
if the observer at one place witness the transit at the exact time, 
and the observer at the other place do not see the transit until 
nearly a second after it has occurred, the distance of the former 
place firom the latter will be wrongly estimated by that amount. 
The error may be prevented, by emplojring the same person to 
make the observations at both places ; or by allowing for the 
tardiness of the observer, provided the exact amount of it can 
be ascertained. 

488. Now, when the exact time at each of two places is 
known, the next step in the determination of the longitude, — 
that is, the distance of their two meridians, is to compare their 
times. Now, simple as this process appears, it is the one in 
which the greatest difficulty exists, when great accuracy is re- 
quired. Nothing more would seem to be necessary, than to carry 
to one place a chronometer set to the time of the other, and to 
note the difference between the two ; from which the difference 
of longitude may be easily calculated. Thus, suppose that a 
chronometer set to the time of one place. A, be carried to another 
place, B ; and that A's time is found to be 16 minutes fouter 
than B's ; then, upon the principle already mentioned (§. 482), 
we know that A's longitude is (16 -r- 4) 4 degrees east of B. 
On the other hand, .suppose that A's time were found to be 22 
minutes slower than B'^s, we should then know that A is 
(22 -7- 4) 5^ degrees west of B. Nothing more than this would 
be requisite, if we could rely on the minute accuracy of the 
chronometers employed; and in fact, by using several time- 
keepers, and comparing the results of numerous observations, 
a very exact determination has been made of the difference in 
longitude of several places easily reached, from one another. 

489. A second mode of comparing the times of two places, is 
to'note the exact instant when the same phenomenon is seen at 
each. This phenomenon may be either terrestrial, — ^that is, an 
occurrence on the earth, such as the letting-off of a rocket ; — or 
it may be celestial. The former method is of course restricted 
to short distances ; but by establishing a chain of points of obser- 
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Tation, and thus ascertaining the di£Ference in longitude of each 
two, the relative longitudes of the extreme stations may be ascer- 
tained, by adding all these differences together. For instance, 
suppose that two observers on the watch at A and B, saw 
the firing of the rocket, the one at 20 min. 40 sec, and the 
other at 21 min. 20 sec, after 10 o'clock at night. The time at 
A is, therefore, 20 seconds earlier than at B ; and as 4 minutes, 
or 240 seconds, are equivalent to a degree of longitude, the dif- 
ference of longitude will be (240 -r- 20) one-twelfth of a degree, 
or 5 minutes. Supposing that a rocket, sent up between B and 
the next station C, was seen at the former at 15 min. 20 sec. 
after 11 o'clock ; and at the latter at 15 min. 44 sec. ; — the dif- 
ference of time between the two places is, therefore, 24 seconds, 
which is equivalent to (240 -r 24) one-tenth of a degree, or 
6 minutes. The whole difference of longitude between A and C 
is therefore 11 minutes; and as A's time is earlier than C's, it is 
to the east of it. In this manner, the difference of longitude 
between the Observatories of Greenwich and Paris has been 
very accurately determined, notwithstanding the interruption of 
the Channel. 

490. For the determination of the respective longitudes of 
distant places, however, it is more convenient to observe such 
celestial phenomena as are seen at the same moment from every 
part of the earth where they are visible. Such are the eclipses of 
the satellites or moons of the planet Jupiter ; and the eclipses of 
our own moon. The latter afforded, previously to the invention 
of the telescope, the only astronomical means by which the 
longitude of distant places could be determined ; but it is now 
completely put aside for other methods, which have the merit of 
greater accuracy, as well as of being more frequently available, 
— an eclipse of the moon being a comparatively rare occurrence. 
The eclipses of Jupiter's satellites were for a long time the chief 
phenomena by which the determination of longitude was accom- 
plished. (§. 618.) The time at which these eclipses take place, 
— ^that is, when each moon is lost by passing into the shadow of 
Jupiter, or immerges^ as also when it passes out of it, or efmsrges 
and becomes visible again,— can be precisely calculated before- 

dd2 



398 LimAR OBSERVATIONS. 

hand, and is set down by the time at Ghreenwich, in the Nantical 
Almanac. Now, a person observing one of these eclipses, and 
finding that he sees it 2 hours and ^ minutes earlier by hii 
time, than it would be seen at Greenwich, becomes thus aware 
that his longitude is east of that of Greenwich by 40° ; since the 
difference of time is 160 minutes, and every 4 minutes of time 
are equivalent to one degree of longitude. 

491. These eclipses occur so frequently, that they afford the 
required means of readily ascertaining the longitude of any fixed 
station, where a telescope can be erected to observe them. But 
at sea they cannot be watched with sufficient accuracy ; and it is 
necessary, therefore, to devise some other means of ascertaining 
the time at Greenwich. Tlie simplest and most available of 
these means, consists in measuring the angular distance between 
the mooU) and either the sun, or the more remarkable of the 
fixed stars ; which distance, from the rapidity of the moon's 
revolution, is continually changing. Now, in the Nautical 
Almanac, a series of these distances is set down beforehand by 
calculation, for every three hours of Greenwich time ; and thus 
an observer, measuring some of these distances with his sextant 
(§. 475), and looking for the corresponding distances in the 
columns of the Nautical Almanac (after making certain neces- 
sary allowances and correqtions) finds out what would have been 
the time at Greenwich when his observation was made ; and 
thus is enabled to compare that time with his own, precisely as 
if it were possible for him to see a rocket which it had been 
agreed to send up from Greenwich at that particular moment, 
or as if (to use an apt simile of Sir J. Herschel's) there were a 
clock-face and hands, keeping Greenwich time, set up in the 
heavens, so as to be everywhere visible. 

492. Having ascertained the time at Greenwich, then, by 
any such observations, nothing more is necessary to the navi- 
gator, in order to determine his longitude, than to compare it 
vnth the time of the place where he then is. This he cannot find 
out by a transit instrument, since a transit instrument can only 
be used in a fixed observatory ; but there are methods of ascer- 
taining it, by measuring the elevation' of the sun or of the stars, 
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before and after they hare passed the meridian. If he have a 
watch, therefore, which will keep time well from one day to 
another, and is ahle to take ohservations for Greenwich time 
by the moon's distance, (which are termed lunar observations, or 
in common language lunars,) as often as he desires, correcting 
his watch each day by the sun or stars, as he changes his place 
on the earth, he can determine his longitude with sufficient 
accuracy for the purposes of navigation. But it will very often, 
happen that for many days, sometimes even for weeks together, 
he is not able to obtain satisfactory lunar observations ; and that 
he IB deprived of this means of comparing his own time with that 
of Greenwich. It is under such circumstances, therefore, that 
the chronometer becomes of such essential service to him ; for 
by its means he carries Gtreenwich time along with him, and 
can thus compare it, at any period, with the time of the spot on 
which he may be, as ascertained by observation of the sun or 
Btara. If the chronometer can be relied on, therefore, the deter- 
mination of the longitude is a very easy matter, — ^that is, when 
the time of the place can be ascertained ; and it is seldom that 
an observation of the sun, or of some of the stars, cannot be 
taken at least once or twice in the twenty*four hours. But it 
must be remembered that, as even the best chronometers are 
liable to change their rates from some obscure causesj no reliance 
can justly be placed on a single time-keeper, as it may lead to 
considerable unsuspected errors. Even where two chronometers 
are compared, there is only greater certainty so long as they 
agree tolerably well ; for if there be any considerable difference, 
it will be doubtful which chronometer is right.. If three or more 
be compared, however, the faulty one will be almost certainly 
detected. 

493. In the practice of navigation it is customary to rely 
chiefly upon chronometers for the determination of the longitude ; 
but to {^k these, at intervals of a few days, by lunar observa- 
tions ; and this is especially necessary when the land is being 
approached, as any considerable error in the chronometers will 
then occasion great danger. Many ships traverse the Atlantic, 
howeyer, without either chronometers or Innars; their owners 
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not being willing to incur the expense of chronometers, and their 
captains not being sufficiently instructed to make the necessary 
calculations from lunars. Their knowledge of their place depends, 
therefore, upon what is termed their reckoning ; — ^that is, upon 
their estimate of the number of miles they have sailed (which is 
noted down every hour), and the course they have steered. 
This estimate is checked by the observations for latitude, if the 
course have been either, directly north and south, or oblique. 
But if the ship have been sailing due east or west, the latitude 
remains the same, and there is no check upon the reckoning. It 
is often kept, however, by a practised navigator, with remark- 
able precision, when his course has been tolerably straight ; but 
if he have been driven out of his course by storms, or drifted by 
currents, he is liable to form a very wrong estimate of his 
position. 

494. The length of the degree of longitude varies with the 
latitude in which it is measured. This will become obvious on 
a little consideration. For at the equator, the degree will be 
1 -360th part of the whole circumference of the earth, and is there- 
fore the same with the average of a degree of latitude, or about 
69^ miles. The meridians approach nearer jmd nearer to each 
other, as they are traced from the equator to the pole, whilst the 
interval between them in degrees remains the same ; hence the 
length of the degree decreases with the increase of latitude, since 
it is the 360th part of a smaller circle ; and at the pole, all dif- 
ference of longitude vanishes, since the meridians all meet there 
in a point. The decrease is more rapid near the poles^ than it 
is near the equator. 

495. It must be remembered, in regard to all the allusions 
which have been made to " Greenwich time," that this is selected 
as the standard of comparison, for the sake of convenience 
only. This is the site of the Boyal Observatory; and the 
Nautical Almanac, which is published three or four years in 
advance, for the convenience of ships about to proceed on long 
voyages, contains tables of the celestial phenomena calculated for 
the time at which they will be seen there ; by which the ob- 
server's distance east or west of Greenwich may be determined. 
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But other nations have similar tables calculated for their own 
observatories ; and their longitude is estimated, therefore, by their 
own standard. The longitude of the observatory of Paris is 
2° 20' 24" east of that of Greenwich. 

Diumcd Rotation of the Earth, 

496. So far as respects the general apparent movement of the 
sun, moon, and starry sphere, once round the earth in every 24 
hours, it may be easily shown that it may be accounted for in 
two ways, — either by supposing that this movement really takes 
place, the earth remaining fixed in the centre of revolution, — or 
that the heavenly bodies are fixed, whilst the earth revolves in 
the contrary direction, round an axis which points to the Pole- 
Star. The former idea is that which naturally occurred to the 
ancient philosophers ; who regarded the sud, moon, and stars as 
placed in the sky merely for the benefit of man; and who consi- 
dered the earth as the most important body in the system, with- 
out dependence upon any others, but itself the immoveable centre 
round which they turned. The evidence of the senses appeared 
not only to sanction, but to require this explanation ; and yet, as 
we shall presently see, it must now be unhesitatingly discarded. 
The second supposition appears to have been entertained by 
Pythagoras, who lived about five centuries before the Christian 
era ; but it was not generally known to the world until the six- 
teenth century, when it was brought forwards by Copernicus, a 
Polish ecclesiastic, who ventured to disturb the rest in which 
mankind had slumbered for two thousand years, by proclaiming 
that it is not the starry sphere, but the earth — fixed and stable 
as it seems — which really revolves. The reasons by which he 
was led to this conclusion will gradually unfold themselves as we 
proceed ; at present we shall inquire how it is capable of being 
reconciled with our own feelings. 

497. Every one who has been in rapid motion, under such 
circumstances that he was not aware of it, well knows that, 
on looking at any near objects, they appear to be moving away 
from him, whilst he is at rest. The kind of motion which we 
experience in a carriage travelling along a smooth railway, is a 
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verj good iDstance of this deception. After we have been for a 
short time accustomed to it, we are not conscious of it by any- 
thing in our own feelings ; but if we look at the sides of the road 
along which we are travelling, we see them flying, as it were, 
rapidly backwards. "We know^ however, that they must be 
fixed ; and therefore we infer that we are moving rapidly for- 
wards. When the train in which we are is moving slowly for- 
wards, and passes another train at rest, the illusion is more com- 
plete ; for we may suppose the other iarain to be very probably 
moving in a direction contrary to our own ; and thus we transfer 
(as it were) our own motion to it. Many other examples of the 
same fact are more familiar, though less perfect; such as ihe 
apparent motion of the banks of a river, produced by our sailing 
or rowing in the contrary direction ; or the apparent rotation of 
the surrounding objects, when a person spins himself on the point 
of his foot. These examples are sufficient to prove, that the 
earth's rotation, although opposed, as it seems, to our own senses, 
is really quite consistent with their evidence. For it may be in- 
quired of an objector to this doctrine, who maintains the fixity 
of the earth, how we should become aware of its rotation, sup- 
posing it to be thus put in motion. In other instances we 
become aware of our movement, either by the slight vibrations or 
shocks to which we are subjected, or by observing our change of 
position in reference to surrounding objects which we know to be 
fixed. Now we almost lose the first of these sources of infor- 
mation on a railroad, so even is the motion of a carriage over 
it ; hence we trust entirely to the second, and we may be de- 
ceived by it^ as just explained. The movement of the earth 
being perfectly uniform, free from all shocks and vibrations, and 
being shared in by all the bodies upon its surface, we' gain no 
direct information respecting it from our feelings; and we have 
no objects with which to compare it, save the heavenly bodies. 
Hence it is absurd to object to it, on the ground that we are not 
conscious of the rotation ; for, granting the rotation to occur, we 
should not become aware of* it otherwise than as we do. 

498. The arguments of Copernicus were not at once able to 
change the opinions which had prevailed for ages, strengthened 
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as these were by the supposed authority of Scripture ; and it 
M^as not until the succeeding century, that his doctrine was gene- 
rally received. It was powerfully supported by Galileo, who 
was able, by. means of the telescope, to adduce many additional 
arguments in its defence (§. 554 and 617). For espousing this 
oause, however, he fell under the displeasure of the Inquisition, 
who had pronounced the doctrine of the earth's motion to be 
heretical ; and he was led, by the dread of severe punishment, 
to promise not again to demonstrate that the earth moves. He 
seems, however, to have been unable to restrain himself from 
propagating what he believed to be truth ; and having again 
been summoned before the Inquisition, and been wearied by long 
confinement, he signed, in his seventieth year, an abjuration of 
the doctrine, to the defence of which he had devoted the best 
part of his Kfe. Yet it is recorded of him, that, on rising from 
his knees, after making this recantation, he whispered to a friend 
who was standing by him, " And yet it does move." During 
bis confinement, he was visited by our own immortal Milton ; 
who, doubtless, then learned from him many of those sublime 
truths, which he afterwards interwove, with such striking effect, 
in his Paradise Lost. 

499. At the present day, no one having any pretensions to 
the name of a philosopher, doubts the rotation of the earth upon 
its axis ; yet no proof of it can be given, that would be satisfac* 
tory to the uninstructed mind. There are four circumstances, 
however, which leave no room for hesitation, among those who 
can appreciate the value of the evidence they afford. The first 
of these is the fact, revealed to us by the telescope, of the similar 
rotation of the sun, and of all the planets on whose discs can 
be seen any marks, that may enable such a movement to be 
detected. — The second is the flattening of the earth at the poles, 
precisely to the degree which its centrifugal force would be cal- 
culated to produce, its rotation being performed at its present 
rate (§. 215). — The third is the result of the experiment of let- 
tmg fall a stone from the top of a lofty tower ; if the earth 
remained at rest, this would of course fall exactly at its base ; 
but it does in reality fall a little to the eastwards of its base, 
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in consequence of its having partaken, at the moment of com- 
mencing its descent, of the motion of the top of the tower, which 
is moving through a larger circle, and consequently at a quicker 
rate, than the bottom (§. 167). This is the most direct and 
positive of all the proofs yet brought forward. — The last, how- 
ever, is also of a very convincing nature. It is the prevalence, 
or rather the almost constant existence, of easterly winds in the 
equatorial region. The atmosphere does not rotate vdth the 
earth, except so far as it' is carried round by its friction. In 
the temperate and polar regions, where the motion of the 
surface of the earth is comparatively slow, this friction is 
sufficient to carry the atmosphere along with it ; but near the 
equator, the motion of the surface being much more rapid, the 
atmosphere is not carried along at the same rate ; and the effect 
is therefore produced, of a wind constantly blowing in a direction 
contrary to that of the earth'^s movement (that is, from east to 
west) ; just as when a person travelling rapidly in a coach ex- 
periences a strong draught of air in the opposite direction, though 
the atmosphere may be perfectly calm at the time. 



CHAPTER XV. * 

OF THE FIXED STARS. 

500* Although the sun, moon, planets, and comets, whose 
motions seem to connect them with our own system, might 
seem to claim our attention in the first instance, yet we shall 
probahly form more accurate notions respecting the part per- 
formed by that system in the universe, and of the vast extent of 
created being to which the laws that govern its operations are 
to be extended, if we previously inquire into our actual know- 
ledge respecting the bodies composing the starry firmament. — 
Of the ideas entertained respecting them by the ancients, it is 
not requisite to say much. They do not appear to have formed 
any notion of their actual distance from the earth ; and, con- 
sidering our own globe as the centre of their motion, they 
accounted for their retaining the same positions with respect to 
each other, by supposing them to be fixed in a hollow sphere, 
by the revolution of which they all turned round together in a 
day and night. Their principal attention was given to the 
division of the stars into certain groups, which were conceived 
by them to have a likeness to the figures of men, animals, &c. ; 
and various wild and romantic fables have been handed down 
to us in the writings of the Greek and Roman poets, with 
respect to the origin of these groups. Thus, some of the groups 
or constellations* were regarded by them as representing their 
gods ; and others were considered as the figures of their chief 
heroes, who, after the conclusion of their mortal lives, were 
deified, and had places assigned to them amongst the stars. 
Of these fables, many appear to have originated among the 

^ A name derived [from the Latin words coUf together, and stella^ star ; and 
therefore ipeaning a cluster or assemblage of stars. 
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Egyptians, from whom tlie Greeks, and after tbem the Romans, 
learned much of their astronomy ; and some of the constellations 
thus named retain their appellationH to the present day, although 
some have received other designations, Ptolemy, an Egyp- 
tian astronomer who flourished in the second centnry of the 
Christian era, enumerates forty-eight constellations ; and these 
are still known for the most part under the same names. Many 
have since been added, however, in order to include stare vrhich 
could not be well made to form a part of the original ones ; and 
a large number ofnew ones had to be created, to distinguish those 
stars of the southern hemisphere, which were not known to the 
ancient astronomers, having been first noticed by the adveatn- 
rona voyagers of the fifteenth centnry. 

501. The accompanying fignre, representing the constellation 
of Orion, is intended to give an idea of the mode in which the 
ancients combined, as 
it were, these stany 
cloBtws into figures. 
This constellation is 
one of the most beau- 
tiful in the heavens, 
on account of the num- 
i berof large stars wUdi 
I it contiunfl. Those that 
ff chiefly, attract notice 
are the three Ui^stars 
of the belt or girdle, 
which are arranged in 
an ihlique line, — the 
two lai^ stars at Bome 
distance above it, sitn- 
ated in the shoulders 
of the figure, — and the 
two other large star^ 
at about the same dis- 
tance below, the one 
in the knee and the 
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other in the foot. But there are many other stars of consider- 
able size in this brilliant constellation; — those, for instance, 
which Bxe contained in the lion s head, and in the sword or dag- 
ger beloW the girdle. A peculiar appearance about one of 
these will be noticed hereafter (§. 538). 

502, The division into constellations, though quite arbitrary 
and fanciful, has this great advantage, that it enables us to mop 
out the heavens, as we do the surface of the globe : and as, in 
Geography (or the description of the earth), we give names 
to the continents, islands, &c., which are distinguished by natural 
boundaries, and can thus indicate without any trouble the place 
where a particular occurrence took place, or where some par- 
ticular scene is to be witnessed ; so is it convenient, and, indeed^ 
absolutely necessary in Uranogta.^hj (or the description of the 
stars) to form similar divisions, for the purpose of fixing the 
place where any peculiar appearance is to be seen, or the star 
which is exhibiting certain movements. Thus, suppose a comet 
to become visible, and we wish to make its situation known to 
the public, we may say that it is to be seen near Orion's belt, 
or in the tail of the Great Bear ; and, if we wish to be more 
precise, we may mention the particular star near which it is, 
each of the principal stars of each constellation being distin- 
guished by one letter of the Greek alphabet. Were it not for 
a contrivance of this kind, no information could be given, with- 
out stating the measured pla,ce of the luminary in the skies ; 
which would render it intelligible to those alone, who are pro* 
Tided with instruments to ascertain the spot meant. Hence we 
retain the names of most of the constellations that have come 
dovni to us from the ancients ; whilst we forget the fables in 
which they originated. It is enough that astronomers under- 
stand one another ; and there is nothing in any science so much 
to be avoided, as a confusion of names. The Great Bear is 
popularly known under the name of Charles's Wain, which 
was given to it in honour of the illustrious French monarch, 
Charlemi^e ; but its former or scientific appellation is alone 
mentioned on celestial globes or maps; and a person who 
consulted one of these in ignorance of the double name of 
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the constellation, would be much perplexed. It has also received 
the name of the Plough ; which should be entirely disused. 

503. It must not be supposed that, because certain stars 
appear to form groups, they are really near each other. The 
idea that the fixed stars are at anything like an uniform distance 
from us, has long been put aside, for reasons which will pre- 
sently appear ; and we have only to suppose that a certain set 
are seen by us in nearly the same line, to understand the apparent 
proximity of bodies that are really at an enormous distance. 
Let it be imagined that, from a commanding situation, we 
discern the peak of a distant hill ; — that, some miles nearer to 
us, there is a church, whose spire is a little to the right of the 
hill ; and that, some miles nearer still, there is a lofty and 
remarkable tree, which is seen by us a little to the left of the 
hill. Now, so long as we know that these objects are in reality 
one beyond another, we are not deceived by their apparent 
proximity ; but if we imagine ourselves to be removed so far 
away, that we can form no estimate of the respective distances 
of these objects from us in a straight line, we shall easily per- 
ceive that their apparent closeness to each other will deceive us 
as to their real situations. — Let us make a comparison that shall 
render this truth, which lies at the foundation of all correct 
notions respecting the relative positions of the stars, still more 
obvious. There are few persons who have not observed the 
impossibility of forming any accurate idea of the distance of 
a luminous object on a dark night. The navigator might easily 
mistake the light of a star just above the horizon, for that of the 
friendly light-house, which is to guide him into his port, or to 
enable him to avoid the hidden danger ; or he might, from error 
in his reckoning, mistake the beacon-light for a star.* The 
same mistake is not unfrequently made respecting the light from 
the window of a distant dwelling, which is seen just above the 
horizon, the darkness being too intense to enable the building 
itself to be discerned ; for this could only be distinguished from 
that of a star, by reason of its greater steadiness, or by its 

* Such errors are prevented by giving to the light a distinct colour, such as red 
or green ; or by causing i^ to ^sappear and return at intervals. 
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remaining fixed in the same position, instead of rising above the 
horizon, or sinking beneath it, as a star would do. 

504. Or, again, if there were three lights on a wide open 
heath, — one of them proceeding from a large and brilliant lamp 
in a mansion at a distance, — another from a lamp of inferior 
brightness in a nearer dwelling, — ^and another from a farthing 
candle in the lantern of a passing traveller ; we should be 
completely unable to form an estimate of their respective places 
and distances, if the intervening ground could not be seen hy 
reason of the darkness. If the lights should happen to be nearly 
in the same line, they would appear to our eyes almost close 
together; and if their actual distances from us were in the proper 
proportion to their respective illuminating powers, their apparent 
sizes might be the same, — the farthing candle yielding as much 
light to us, by reason of its proximity, as either of the larger and 
brighter luminaries. We will further suppose that the traveller, 
whose lantern is at first our principal luminary, walks away from 
us, towards either of the more distant dwellings ; — we shall not 
then see any motion in his light, since he is simply increasing 
his distance from us, and not turning to one side or to the other; 
— ^but it will gradually become fainter and fainter, and may at 
last, when actually removed to the same distance with the largest 
lamp, be lost sight of altogether. Hence we may conclude tha( 
the actual positions of the fixed stars with respect to each other, 
cannot be known from their apparent places as seen from the earth; 
and that the brightest of them are not necessarily the nearest. 

505. There is much reason to believe, however, that, as a 
general rule, the distances of the fixed stars from us bear some 
relation with their apparent ihagnitudes, or rather with the 
different degrees of light which we receive from them ; — ^that is, 
if we see two stars apparently near together, the one being large 
and the other small, we should believe their distances to be very 
different, the smallest being the furthest removed from us. They 
are all, however, so very remote, that the most powerful teles- 
copes do not give the least information respecting their actual 
sizes ; for the brightest, 

^' Those sparks of light, 
The gems that shine in the blue ring of heaven,*^ 
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eyen when magnified most higlily, look like most brilliant />otfi^ 
of liglit, haying no measurable diameter. Sir W, Herscbel, 
when yiewing the heayens with his 40 feet telescope,— -the mirror 
of which, being 4 feet in diameter, took in an immense quantity 
of light, and reflected it to the eye, — ^was obliged to ayoid the 
larger stars, on account of the glare of light which they produced; 
but he tells us that on one occasion, ^' the appearance of Sirius 
(the dog-star, the most brilliant of all the fixed stars) announced 
itself at a great distance, like the dawn of the morning, and came 
on by degrees, increasing in brightness ; till this brilliant star at 
last entered the field of the telescope with all the splendour of 
the rising sun, and forced me to take my eye from the beautiful 

sight." 

506. The total number of stars yisible at once to the naked 
eye on a clear night, has been estimated at about 2000 ; but 
when the eye is aided by the telescope, the number is increased, 
just in proportion to the power of the telescope employed. No 
possible limit can be assigned to the number of stars, eyen suppos- 
ing that those which are dbcernible with our present instruments 
could be reckoned; for eyery improvement in the construction 
of the telescope (and such improyements are continually being 
made) brings into yiew multitudes of stars which could not* be 
preyiously distinguished ; and as it would be absurd to attempt 
to set limits to such improyements, it would be in yain to endea- 
your to form an estimate, eyeh of the number of stars with whose 
existence we may become acquainted, and much more of those 
which haye their dwelling-place in those depths of space, into 
which man with all his ingenuity will never be able to penetrate. 

507. Besides the stars which we distinctly recognise to be 
such, we notice on a dear dark night a broad^luminous archjor 
band, known as the Milky Way, stretching across the whole sky 
from horizon to horizon. This band may be traced also through 
the southern hemisphere ; and it thus forms a complete circle, 
surrounding our system at a yast distance. Although it is 
studded, as it were, with distinct stars, these evidently form no 
part of it, but merely have it for a back-ground, from being 
seen in the same direction. The general aspect of this band is 
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that of a delicate laminoas cloud, presenting the faint and 
indistinct appeasanoe which is termed nebulous^ — a term which 
will have to be frequently employed hereafter. 

** A broad and ample road vrhofle dutt is gold 
And payfemdnt stars, as stars to us appear 
Seen in the galaxy, that milky way 
Like to a circling zone, powdered with stars." 

Now when the Milky Way is examined with telescopes of 
even moderate power, it is perceived that the nebulous appear- 
ance is due, not to any vapour-like assemblage of uncondensed 
matter, but to an innumerable multitude of very faint stars, 
apparently so near together that they cannot be distinguished by 
the naked eye.* Of the enormous number of stars thus crowded 
together, some conception may be formed from the fact men- 
tioned by Sir W. Herschel, that he counted 70 at once, upon an 
average, in a space about one-fourth the apparent sisse of the 
moon's disk ; from which he computed that 50,000 must have 
passed under his observation, during one hour, in a zone or band 
about a quarter of the whole breadth of the Milky Way. Other 
nebulous patches are to be seen in different parts of the heavens ; 
and of these also, many are capable of being separated ot 
retohedf by means of telescopes of greater or less power, into 
distinct stars; whilst many others cannot be so resolved, but 
retain their nebulous aspect even when examined with the 
asristance of the best telescopes. Of these netndm we shall have 
more to say hereafter. 

508. For the sake of easy comparison, Astronomers have 
agreed to class the stars into different magnkudei ; but it must 
be remembered that, by the term magnitude, 9%ze is not meant, 
but luttre or degree of light ; for, as just stated, none of the 
fixed stars have any apparent diameter. The division is some- 
what arbitrary ; since there are no means of easily comparing 
the quantity of light given off by the different stars ; but the 
following table exhibits the proportion assigned by Sir W. 

* Some of the ancient astronomers imagined that the Milky Way was an old and 
disused path of the sun ! But Democritus had hit upon the real explanation of its 
appearanee. 



E V. 



412 APPARENT MAGNITXIDES OF THB BTARA. 

Herschel to the light of certain stars, which were selected as 
type9 or specimens of the six classes, that can be seen with the 
naked eye. 

Light of a Btar of the avenge First magnitode . = 100 

Second • . . . = 25 
Third . . . . = 12? 
Fourth . . . . =s 6 
Fifth ....== 2 
Sixth . . . . s= 1 

It should be borne in mind, that the apparent '^ magnitnde^^ 
of any star must depend upon three conditions : — 1st, the star'^s 
distance from us ; — ^2nd, on the absolute size of its illuminated 
surface; — 3rd, on the degree of brightness of that surface. 
Now as we have no means of judging of the two latter, we must 
not hastily conclude that the magnitudes of the stars are a 
measure of their relative distances ; but that such an estimate is 
gmerdlly applicable appears from this important circumstance, — 
that tlte number of stars of each magnitude increases in propor- 
tion to the smallness of their light. Thus Astronomers restrict 
the Jirtt magnitude to about 15 or 20 stars ; the second to 50 
or 60 next inferior ; the thirds to about 200 yet smaller ; and so 
on, the numbers increasing very rapidly as we descend in the 
scale of brightness, so that the whole number of stars already 
registered, down to the seventh magnitude* amount to from 
15,000 to 20,000. Now these are not uniformly distributed 
over the sphere ; for though the stars of the three or four highest 
magnitudes are scattered pretty equally in. every direction, those 
of the smaller sizes are crowded together more and more as we 
approach the borders of the Milky Way ; and the whole light 
of this is given by stars, whose average magnitude may be stated 
at about the tenth or eleventh. 

509. Now this increase in the number of stars in proportion 
to the diminution of their brilliancy, corresponds so nearly with 
that which we should expect, if their diminution in brilliancy is 
occasioned by their increase of distance, that such may be con- 
fidently stated to be generally the case. For if we imagine an 
observer to be situated in the midst of a vast multitude of lamps 
or candles, arranged at tolerably uniform distances from each 
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other — say a foot in eyery direction ; — ^he will see the small 
number in his immediate neighbourhood, distinguished beyond 
the rest by their brilliaDcy, and scattered 'widely apart on all 
sides of him ; — a larger number will be seen within double the 
range, but these will appear less brilliant on account of their 
increased distance, and the same cause will make them appear 
closer together ; — a still larger number will be seen at triple the 
range, still less brilliant, but nearer each other ; — ^and the number 
of lights, and the diminution of their individuarbrilliancy, will 
continue to increase in like proportion with the distance, until 
at last we cannot distinguish the separate points, but they 
appear crowded or paeked together in one continuous but faintly 
iHuminated mass. It is fair to explain similar appearances in 
the heavenly bodies by similar causes, unless valid objections can 
be assigned; and thence to conclude, that the close packing and 
the diminished brilliancy of the stars of inferior magnitudes, 
result, in like manner, jfrom their vastly-increased distance. 

510. Now, if we imagine the luminous bodies to surround 
the observer equally in every direction, it is easy to understand 
that the continuous diffused luminosity of the most distant will 
form a sort of back-ground on all sides, against which the 
nearer and more brilliant lights will be seen. But let it be 
supposed that the cluster or group, instead of having the form of 
a globe (in or near whose centre the observer is supposed to be), 
is shaped like a cheese or millstone ; — then the observer, placed 
in the centre, will be able to look out through its flat surfaoes' 
into empty space, and will see, on either side of him, the stars 
which form its thicknesM^ studding the black ground presented by 
the darkness beyond ; — whilst, if he look towards the circum- 
ference, his eye vrill meet with those more distant ranges of stars, 
whose near (apparent) neighbourhood to each other produces 
the indistinct luminousness already mentioned. Now, as these 
ranges vrill be only seen when the observer looks in some parti^ 
ticular directions, they vrill appear to form an arch or band, 
stretching over his head from one point of the horizon to another. 

511. It was by reasoning of this kind, that Sir W. Herschel 
came ta the remarkable conclusion (which, though at first' 

■ 12 
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ttfonght lidiculons by many , is now adopted hy nil eci«itifia 
f«faroiu)inen) that oil tlie stora 
dietinotly vieible to us really 
{arm part of one immenBe 
eluster, of which the boundary 
is formed by the Milky Way, 
whilst the poeitiou of our mm 
with ita ayatem ia not far from 
its oestre. The «militnde of 
ftcbeese or millstone just ad- 
verted to might exprecB toler- 
ably well the form of our clua- 
tar ; were it not that the 
Hilky Way splits, as it were, 
at one part into two bands, 
which rsnoite again, so that 
we must imagine our cheese 
to be split at one put of its 
edge into two portions, which 
^verge somewhat from the 
general plane of the remiun-' 
der. The aecompaDying deli- 
neation IB probably a not very 
inaocorate Tiew of oor eluster 

or 'finuBoient, as seen from „ „ ,^ , , _. , _^ , „ 
some of those more distant » >« bom « dutuMc; the apper sgun 
gmnpsi of whose existence we "p™«i.it.torm«»«i(™mui»«id«i«d 
have ttowpoeittre evidence. 

' &12. In regard to the diatanoe of even the nearest of the 
fixed Stan, tiiere have not existed until recently the least means 
of fiwmin^ an acenrate estimate. All that could be atated was, 
ibat thmr diatance oonld not be leas than tteo Jucndnd iAoutand 
times the distance of the sun from the earth, or 19,200,000 
miUiMu of miles. The mode in -whieh my sueh estimate musL 
he made, is the same as that whieh is adopted fw measuring the 
distaupe of the sun and planets from the earth, and is founded 
on what is termed, the paraliax of these, bodies. Ttas it will be 
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ckemndble to explain before goiag fiurther. The tenn pantUax is 
given; to the apparent motion which objects exhibit, when ilie 
position of tlte obsenrer is ebanged. Every one most have 
noticed that, when walking or riding through a oountry, there 
i» a constant change in the aspect of the scene, arising from the 
different iHrections under which we view it f the apparent posH 
tion of the nearer objects being continually altered, iqrhilst thai 
of the more distant remaina the.same. For instance, if wa have 
a distant mountain in sight, we maj travel for several miles 
b^ore we can see any particular changes in its aspeet ; whilst 
various objeeta that at first intervened between ourselves and it 
have gradually been approadbed, have been left on one side, and 
are now at a considerable distance behind us. Thus, in the 
accompanying diagram, let A be the first pontion of the observer, 
and B and C two objects which he sees in the same straight 
line A B C D ; if he change hb position from A to E, he will 
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no longer see them in the same line, but there will be a distinct 
interval between them ; for the rays from the object B will 
come to his eye in the direction B E, so that it is seen in the 
line E F ; whilst those from the object O wiU come in the direo^ 
tion O E, so that the object is seen in the line E G. It will be 
observed, that the direction in which the object is seen is more 
altered in the case of the near object B, than of ilie more remote 
object C. The amount of this alteration in the apparent position 
of any object, is measured by the angle included between the 
lines joining the two stations with the object ; thus, in the case 
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of the object B, the parallax is the angle ABE between the 
lines A B and B E ; whilst, for the object G, it is the angle 
ACE between the lines A C and C E. Hence, we observe 
thaty the greater the distance of the object, the smaller will this 
angle be, whilst the line A E (which represents the amount of 
real change in the observer's place) remains the same. Now, 
by a very simple calculation, the mathematician who knows the 
amoant of the angle A B E or A C E, and the length of A E, 
can ascertain the distances A B and A C of the bodies B and G 
from A ; and it is from calculations of this kind, that the dis- 
tances of the sun, moon, and planets, have been determined. 

513. Now, if the fixed stars were moderately near to us, we 
should see their, relative positions changing, during each of their 
(apparent) daily revolutions round the earth; since they are 
seen in a different direction, when near the horizon, from that in 
which we view them when they have risen to the zenith. Such 
a difference is perceptible in the case of the moon, whose 
apparent position is changed with respect to the sun and stars 
(after making the proper allowance for her real motion) as she 
makes the circuit through the heavens ; and from the amount of 
this change, which is termed the moon's parallax, her distance 
from the earth may be estimated. Again, supposing the point 
C (Fig. 151), to represent the place of the sun, and B to 
represent that of Mercury or Yenus ; this planet, to an observer 
situated on the earth at A, will appear to be crossing the sun's 
disc ; but to an observer at another part of the earth at E, the 
planet will not appear in a line with the sun, and it must, in 
fact, move onwards to H, before it is seen upon his disc. Hence, 
if we know the interval between the two observers, and the 
length of time which elapses between the times when the planet 
appears to the one and to the other to be in a line with the sun, 
we can determine the angle ACE with greater exactness than 
we could by any ordinary measurement ; and we thus obtun from 
the trannti ($. 561) of Mercuiy and Venus the best opportu- 
nities for ascertaining the sun^s parallax, and consequently our 
distance from him. Not the slightest alteration, however, can 
be perceived in the relative places of the Han during their daily 
passage through the sky. * 
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514. ' But if the stars,, though not near enough to be affected 
hy the daily change in their pontion in regard to the earth, 
were still at a distance not exceeding by many times that of the 
sun, a very, sensible alteration would be observable, when the 
earth alters its position (as it will be shown in the next chapter 
to do every six months), to the amount of 190 millions of miles. 
Yet so vastly is this exceeded by the distance of the nearest of 
them, that it has been until recently a matter of uncertainty 
whether they exhibit the least change of position, or, in other 
words, exhibit any parallax ; although the perfection of astrono- 
mical instruments is now such, that an angle, such as A C £, 
Fig. 151, coidd be measured with certainty, even if it were no 
more than a single ieoond, or l-3(>00th part of a degree. The 
sides of the triangle, therefore, are of such inconceivable length, 
that, although the base A £ measures 190 millions of miles, the 
angle at its vertex can scarcely be appreciated. Numerous 
attempts have been made to determine whether any of the stars 
have such an anniud paraUax^ — ^that is, a change of apparent 
poflition resulting from the earth's annual movements; but, 
until recently, these have all been unsuccessful. ^' After ex- 
hausting every refinement of observation," wrote Sir J. Herschel 
in 1834, '^ astronomers have been unable to come to any positive 
and coincident conclusion upon this head ; and it seems, there- 
fore demonstrated, that the amount of such parallax, even for the 
nearest fixed star which has hitherto been examined with the 
requisite attention, remains still mixed up with, and concealed 
among, the errors incidental to all astronomical determinations." 
Now if the parallax were as much as a single second, the 
distance of the star exhibiting it could not be less than 200,000 
times the distance of the earth from the sun, or 19,200,000 
millions of miles. ^ 

515. In such numbers the imagination is lost; and the only 
mode of conceiving of such intervals at aU, is by estimating the 
time which it would require for light to traverse them. Now 
we know from other sources (§. 622) that light travels at the 
rate of about 192,000 miles per second ; consequently it would 
require 100 million seconds, or about three years, to per- 
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fiurm the journey,— ^^r, in other words^ we dioiild not tee a 
star newlj placed at that distance, for three jeavs after it had 
begun to shine, and we shall see it for three years after it elmll 
have ceased to exist. In the year 1838, however, Profeasoir 
Bessel of Konigsberg announced, as the result of a most careful 
and laborious series ci observations on a star in the constellation 
Cygnus, that it has a parallax amounting to about (m^Hwrdofa 
second/ and that, upon this, its distance from the earth may be 
calculated with tolerable accuracy. He has since (1840) slighily 
corrected his first series of observations, and has given *C'3483, 
or something more than a third of a second, as the annual 
parallax of this star; which makes its distance about 592,200 
times the distance of the earth from the sun, — a distance which 
light would require 9^ years to pass through. This has been 
truly spoken of as ^^ a magnificent conquest;*^ for it is so, both 
in regard to the sublimity of the object to be attuned, and ike 
amount of intellectual labour bestowed upon it. If we estimate 
the comparative distances of the other stars by the proportion 
of light we receive from them, we shall be led to the astounding 
conclusion, that many, even of those in the Milky Way, must be 
so distant, that their light would be at least a t&otuand yearn in 
travelling to our earth ; though its rapidity of movement is such, 
that it comes to us firom the moon — vast and almost inconceivable 
as her distance (237,000 miles) is, in comparison with any of 
which we can form a definite idea — in little rsaxe than (me wcomd 
of time. 

516. Of the actual magnitudes of the Fixed Stars, their light 
and distance, compared with those of the sun, afford us our sole 
means of forming an estimate. It has been ascertained by very 
careful measurements, that the light of Siriui — the most bril* 
liant of all of them — is to that of the sun, as 1 to about 20,000 
millions. The sun, ther^for^, in order that it should appear to 
us no brighter than Sirius, would require to be removed to 
141,400 times its actual distance.* It has been shown (§. 514) 
liowever, that the distance of Sirius cannot be so little as that of 

* The proportional intoti'sity of ligbt being inversely as the squares of the 
respectiye distances ($.91). 
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200,000 times thai of the sun, and is probiably a great deal more. 
Supposing that the sun were removed to 282,800 times its actual 
distance, its light would be only one-fourth of that of Sirius ; so 
tiiat, if this be the real distance of that star (and it is probably 
much less than the reality) its light must be equal to that of four, 
suns. '^ Now, for what purpose," it is well inquired by Sir J. 
Herschel, ^'are we to suppose such magnificent bodies scat- 
tered through the abyss of space ? Surely not to illuminate ijur 
nights, which an additional moon of the thousandth part of the 
nze of our own would do much better, — nor to sparkle as a 
pageant void of meaning and reality, and bewilder us among 
Tain conjectures. Useful, it is true, they are to man, as points 
of exact and permanent reference ; but he must have studied 
astronomy to little purpose, who can suppose man to be the 
only object of his Creator's care, or who does not see in the vast 
and wonderful apparatus around us, provision for other races of 
animated beings. The planets derive their light from the sun ; 
but that cannot be the case with the stars. These doubtless, 
then, are themselves suns ; and may, perhaps, each in its sphere, 
be the presiding centre round which other planets, or bodies of 
which we can form no conception from any analogy o£fered by 
our own system, may be circulating." 

^ And these are fluns !— trast, central, Uting fires, 

Lords of dependent systems, kings of worlds 

That wait as satellites upon their power, 

And flourish in their smile. Awake, my soul, 

And meditate the wonder I Gotintless suns 

Blaze round thee, leading forth their countless worlds! 

Worlds— in whose hosoms living things i^joice, 

And drink the hliss of heing from the fount 

Of all-pervading love. What mind can know, 

What tongue can utter all their multitudes ! 

Thus numberless in numberless abodes 1 

Known but to Thee, blest Father ! Thine they are, 

Thy children, and thy care — and none o'erlooked 

Of Thee 1 No, not the humblest soul that dwells 

Upon the humblest globe, which wheels its course 

Amid the giant glories of the sky, 

Uke the mean mote that dances in the beam 

Amongst the thousand mirror'd lamps, which fling 
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Their iRVBtefal fplendor from tbo pftlaee mdL 
None, none eicape the kindneai of Thy can; 
All compassed underneath Thy spacious wing. 
Each fed and guided by Thy powerful hand." * 

517. Although we are accustomed to speak of the fixed stars 
as undergoing no visible change whatever, yet they present to us 
several most interesting and remarkable phenomena. Thus, 
there are several which are not distinguished from the rest 
by any obvious peculiarities of appearance, but which undergo 
a periodical inci'ease and diminution of lustre, involving in one 
or two cases a complete extinction and revival. These are called 
periodical stars. One of the most remarkable, in regard to the 
shortness of its period, is the star called Algol, in the constella- 
tion Perseus. It is usually visible as a star of the second mag* 
nitude, and retains this size for 2 days and 14 hours. It then 
suddenly begins to diminish in splendour, and in about 3^ hours 
it is reduced to the size of a star of the fourth magnitude. It 
then begins to increase, and in 3^ hours more regains its usual 
brightness, — thus going through all its changes in about 2 days 
21 hours. The cause of this variation was supposed by its dis- 
coverer (M. GU)odricke) to be the revolution round the star of 
some opaque body, which, when it interposes between its disk 
and ourselves, cuts off a portion of its light. The effect strik- 
ingly resembles that which is produced by the same cause in the 
revolving lights of light-houses. It is interesting to remark that 
this variation,' first discovered in 1782, was noticed not only by a 
professed astronomer, but also by an unlettered peasant of the 
name of Palitzch, residing near Dresden ; who, from his familiar 
acquaintance with the heavens, had been led to distinguish this 
star firom so many others, and had ascertained its period. It 
was by the same individual that the anxiously-expected comet, 
whose return in 17^9 had been predicted by Dr. Halley, was first 
seen ; he detected it nearly a month before it was observed by 
any of the astronomers, who were watching for it, armed with 
their telescopes. 

518. The most remarkable of the periodical stars, in regard 

* From an Address to the Ursa Major, hy the Rev. H. Ware of Boaton, New 
England. 
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to its complete extinciion at interrab, is the one nained>()imcron, 
in the constellation Getus ; its yariation was first noticed hy 
Fabricius, in the year 1596. It appears about 12 times in 11 
years, its period being about 334 days ; it remains at its greatest 
brightness about a fortnight, being then on some occasions equal 
to a large star of the second magnitude ;, it decreases during 
about three months, till it becomes completely invisible, in which 
state it remains about five months; it then again becomes 
visible, and continues increasing during the remaining three 
months of its period. It is a peculiarity of this, and of one or 
two more of the periodical stars, that the variations are not 
regular. It is stated, that for four years this star did not 
appear at all; and another small periodical star in the constellation 
Cygnus, the perfod of whose v^ation is about 13 months, was 
scarcely visible, during three years, at the times when it ought 
to have been most conspicuous. 

519. These variations prepare us for other phenomena, to 
which at present no character of regularity can be attached ; 
though it cannot be doubted that they too are subject to laws 
which we might discover, if our opportunities for observation 
were sufficient. There have been seen, at different times, new 
stars, — or rather stars which were not previously visible ; but 
these have had only a temporary lustre, blazing for a while with 
extraordinary lustre, then dying (as it were) and leaving no 
trace behind. The earliest star of this kind on record, is that 
which suddenly appeared in the year 125 b«g., and is said to 
have been the occasion of the catalogue of stars which was then 
drawn up by Hipparchus. Another blazed forth in a.d. 389, 
remained for three weeks as bright as Yenus, and then disap* 
peared altogether. There are records of similar appearances in 
the years 945, 1264, and 1572 ; and the near coincidence of the 
inUrvaiU between the first and second, and the second and third 
of thesoi together with the coincidence in the place of their 
appearance^so far as can be ascertained from the imperfect 
observation of the first two— leads to the suspicion that they 
result from a periodic change in the same star, having an 
interval of something more than 300 years. If this be the case. 
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we may expect ii ie-app4avaiioe in tbe' latter part of this oeiitttry; 
The Appeavanoe of the star of 1572 was so sudden, that Tycho 
Brahe, a celebrated Dttaish astronoktt^ ($. 555), returning one 
evening from his obo^vatory to hk dwelling-honse, was sur- 
prised to find a group of oountry-people gazing &t a star, which 
he was sure did not exist haH an hour before. This was the 
star in question. It was then as brilliant as Sirius, and con- 
tinued to increase, till it surpassed Jupiter when brightest, and 
was even risible at mid-day. It began to diminish in December 
of the san^e year ; and in March, 1574, it had entirely disap- 
peared. A star of this kind, not less iHrilliant) burst forth in 
tiie oonsteUation of Serpdntariucr in October, 1604; and re- 
mained visible for a year, after which it completely vanished. 

520. Similar phenomena, though of a less splbndid character, 
have been mnce noticed; and they offer an abundant field 
for observation and speculative inquiry. Are these all to be 
accounted for^ like the variations of the periodical stars, by the 
revolution of an opaque body, sometimes eclipsing their light ; or 
are theHB changes due to alterations in the constitution of the 
star itself f l^ere is this objection to the idea of thehr similarity 
to the periodical stars ; — ^that in the foriuer, there is a continued 
lustre, occasionally diminished or interrupted; whilst in the 
latter it is the absence which is continued, and the Itistre which 
is occasional. Now ^e oocltsionai interposition of an opaque 
body, such as would take place during its revolution round the 
stiur, ffilly accounts for the former ; but it would reqtdre the 
supposition that the opaque body has the form of a ring, having a 
gap or bpeidng on one side, to account in the same manner for the 
rare appearance of the stars o^ the latter dass. It is probable, 
then, that we are to regard chatiges in the constitution of the 
individual stars, as the cause of their occasional appearance and 
subsequent disappeairanoe. This idea corresponds with the fiict, 
that many stars, whose places have been accurately noted in 
catalogues, have altogether disappe^Ured from the heavens. Some 
of these dupposed losses may not be real, having originated in 
mistaken entries ; but in regard to several, there is no doubi 
They may, however, be analogous to the stars previously 
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described ; and may burst forth again into splendour, after a 
long period of darkness. 

521. An explanation of these appearances has been ofi^ed 
by Prof. NichoU which does not seem improbable. The amount 
of light given off by our sun is oonUnnally varying, in a slight 
degree, in consequence of the occupation of a minute portion of 
his surface by spots of greater or .'less magnitude (§. 591) ; and 
ihere is some reason to believe, that one side of his globe is 
rather less brilliant ihan the other ; so that, as he turns on his 
axis in about 25 days, there is a constant, though trifling, varia^r 
tion in the amount of light and heat which we receive from him; 
Now, if we suppose that this variation is more considerable in 
the case of the periadieal stars, so that a greater or less part of 
one side is not luminous at all, we shall have a satis&ctovy ex-* 
planation of their regular diminution of lustre, or (in some cases) 
entire but temporary extinction. And if we further suppose 
that in the occMumal stars, the principal part of the surface is 
dark, whilst the illuminated space occupies but a small portion 
of it, we shall account for their long period of darkness, and for 
their occasional brilliancy ; provided that it be admitted (which 
firom analogy, as well as from other considerations to be adverted 
to in the last chapter, seems highly probable) that the stars, lik« 
the sun, rotate on their own axis. 

522. How wonderful the thought, that for years, and per- 
haps i€x ages, after these changes have taken place, we remain 
ignorant of them, — that most probably even now have, the rays 
of the brilliant star of 1572 beien shot forth towards our planet, 
though these will not reach ua for nearly half a CMitury tocome^ 
— and that its disappearance from tho astonished gaoe of Tyoho 
was in consequence of a withdrawal of its light before that 
illustrious astronomer himself came, into existence. 

^ Yea, glorious lamps of Ood ! He may h&ve quenched 

Yo«r ancient flames, and bid eternal night 

Rest on your spheres ; and yet no tidings reach 

This distant planet. Messengers still come 

Laden "with your far fire, and we may seem 

To see your lights stiU. burning; while their blase 

But hides the black wreck of extinguished realms, 

Wliere anarchy and darkness long have ireigned." 

(Rft, H. Warf.) 
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523. We now come, however, to a class of phenomens 
which appear more wondrous still, because more unexpected*- 
firom its dissimilarity from anything that ordinarily comet 
beneath our notice ;— and which is yet a peculiar source of in- 
tarest to the philosopher, as affording him the means of demon- 
strating, that the great law of mutual attraction is not confined 
to our own system, but extends its agency through the illimit- 
able realms of space. It has. been observed, at least since the 
time of Galileo, that, whilst the greater part of the nearer stars 
appear scattered through the heavens with a tolerably equal 
distribution, so as to be at medium or average distances from 
each other, there is a large class which appear to be in closer 
neighbourhood than the h3rpothe8is of equal scattering will 
account for. It has been already pointed out (§. 503) that if 
two stars be nearly in the same line from the earth, they will 
seem to an observer very near together ; and it is in this manner 
that we are to account fcur most or all the instances, in which two 
stars having this close proximity can be distinguished by the 
naked eye. r But the case we are now to consider, is the not 
nnfrequent one of two or more stars, which are so close that they 
appear as a single star to the naked eye, and cannot be separated 
without the assistance of telescopes. Until the time of Sir W. 
Herschel, it had been supposed, that the conjunction of these 
also is cpHoal and not real^ being dependent upon their ntnation 
in the same visual line, though one might be supposed to be at 
many times the distance of the other. But his attention having 
been particularly directed to these double ttarsy in the hope of 
ascertaining the annual parallax through their means, he soon 
found out tiiiat their number was much greater than could be 
accounted for, with a fair degree of probability, in this manner. 
It is only in- the Milky Way, — where the stars appear too 
crowded (in consequence of their number and remoteness) for 
the unaided eye to distinguish the intervals between them, — 
that we should expect to meet frequently with such coincidences. 
When the vast extent of the remainder of the sky is considered^ 
and compared with the moderate number of stars scattered over 
it, we at once perceive it to be greatly against probability, that 
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any large proportion of them should he immediately, or erea 
nearly, behind one another. 

524. The argument is thus familiarly iUustrated by Prof. 
Nichol : — ^^ Suppose a number of peas were thrown at random 
on a chess-board, what would you expect ? Certainly that they 
should be found occupying irregular or random positions ; and if, 
contrary to this, they were, in far more than average numbers, 
arranged by twot on each square, it would be a most natural 
inference that here there was no random 9eattering ; for the 
ezcesnve prevalence of the binary arrangement would indicate 
forethought, design, iyttem." Hence it is evident that the 
larger the number of stars of a certain magnitude, the more 
likelihood there is of the conjunction being merely optical; whilst 
among the comparatively few stars of the highest magnitudes, 
the coincidence would almost certainly indicate a real connection 
between the two bodies. Further, it will be evident that, the 
nearer the proximity, the less is the probability of the coin- 
cidence being accidental; or, in other words, we are more 
entitled to suppose that the neighbourhood of any two stars is 
apparent and not real, when they are far enough from each 
other to be distinguished with little difficulty, than when they 
are so close that the assistance of the best telescopes is required 
to separate them. For in such a case as that of the random 
scattering of the peas on the chess-board, there is much greater 
probability that we should find a dozen pairs within a quarter 
of an inch from each other, than that we should find them in 
absolute contact. 

525. Now it has been ascertained that there are 653 double 
stars of considerable magnitude, the intervals between whose two 
bodies do not exceed 32 seconds, or the apparent breadth of the 
planet Jupiter ; and it has been calculated that the number of 
these which might be expected to coincide optically, is no more 
than 48. Hence there are 605 whose neighbourhood remains to 
be accounted for. Of ^\ 2 stars of a smaller magnitude, but 
having the same range of apparent distance, it has been calcu- 
lated that 129 may probably be only visually connected ; and 
that the remainder must have some other relation. But when 
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the interral is incieased firom 30 seconds, or the apparent dia- 
meter of Jupiter, to 900 seconds, which is abont half the breadth 
of the sun, the probability of the cpiieal oonnenon becomes much 
greater; so that out of 25 that have been obeeryed at the latter 
distance, 21 or 22 are Ukelj to haye only this accidental relatioD. 
The dilfer«Dice between the two may be simply stated in this 
manner. The stars that are only yisually related, through bemg 
in the same line from the earthy would be found to undergo a 
vcopplete change in their mutual positions, if they were yiewed 
£rom a different point (§. 612) ; but the stars that really are 
'Close and connected, will appear so under all aspects. 

526. Particular attention was given to these double stars by 
.Sir W. Herschel, from the belief he entertained that carefiil 
obseryation of their positions in regard to each other would 
enable the annual parallax to be ascertained with more certainty 
than it could be in any ordinary mode ;* and he applied himself 
to determine the precise directions in which they lay with regard 
to each other. Thus, supposing one of the bodies to be exactly 
npcmthe meridian or southern line, the other might be- above or 
below it, to the east or to the west. He had scarcely entered, 
however, upon the series, of observations requisite to determine 
with the requirite precision the anklet of poMan and mutual 
(distances of these stara, before his attention was arrested by a 
most novel and unexpected change. Instead of finding, ns he 
.anticipated was possible, a smidl alternate increase and de- 
fprea^e in their distances and angles of position, taking place 
in each year as the result of the earth's change of position, he 
observed in numerous cases a r9Qulaar proffresnw ehang^y which 
.could only be accounted for, by supposing ^Jiat the stars are actu- 
ally in motion round some fixed point. The i^pearances which 
such motiims will exhibit to us, manifestly depend upon the 
direction in which we view them. Thus a person at a distance 
moves one ball round another in an upright drcle, so .that we 
look fully upon its whole path ; we then see the revolving body 

* The result has completely justified this opinion ; for it has been by the careful 
«btenrfttioii of the double star. 61 Gygni, that Prof. Bessel hu now clearly proved 
fhe existence of annual parallax ($. 515). 
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constantly maintaining its distance from the central one, but 
continually changing its angle of position ; since a line joining the 
two would point in a different direction, with every change in the 
place of the revolving body. But supposing that the body be 
moved in a horizontal circle, the plane of which is in the direction 
of our line of sight, so that we see its edge and not its face ; — the 
revolving body will be seen to move from one side of the centre 
to the other, apparently in a straight line, sometimes passing in 
front of the central body and sometimes behind it; and their 
apparent distances would be thus continually altered, without 
any variation in their angular position, since a line joining the 
two would always point in the same direction. 

526*. Among the numerous double stars, are some whose 
paths are seen in the first of these directions, and others in the 
second ; whibt there are many more whose orbits are presented 
to us obliquely, so that in their revolution they change both 
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their distances and their angles of position. One of the first 
stars in which this peculiar revolution was observed by Sir W. 
Herschel is the one designated as ^ in the Great Bear ; and the 
progressive changes it has since exhibited are represented in the 
accompanying diagram, from which it is evident that we can see 
the revolution almost in the first-named position ; the distances 
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Yaiying but very little, whilst the angle of direction is continuallj 
changing. We observe that, after undergoing a nearly complete 
revolution, the. two stars have come, in 1836, nearly into the 
same position which they had in 17B1, when it was first regis- 
tered by Sir W. Herschel; and by 1839 they would have re- 
turned into precisely the same relative positions, the period of 
their revolution being 58^ years. This is nearly the shortest 
periodical revolution that has yet been observed apaong the stars 
thus connected, which are termed Unary stars, to distinguish 
them from those which are merely visually double. The star 
Tj CoronsB, however, has a period of only 43^ years ; and has far 
advanced in its second revolution, since its motion was first dis- 
covered by Sir W. Herschel. In general, however, the period is 
much longer ; in y Yirginis it has been estimated at nearly 629 
years ; whilst in y Leonis, it is not less than 1200. 

527. Of all the binary stars yet observed, the former of these 
two is probably the most interesting, not only on account of the 
great length of its period, but also on account of the great vari- 
ation in the apparent distance, and in the rapidity of motion, of 
the individuals .composing it. Th.ey are of nearly equal lustre, 
and together appear like a star of the 4th magnitude. At the 
beginning of the last century, they were much wider apart than 
they are at present ; and were, .in fact, entered in the catalogues 
of the time as two distinct stars, being then separable with 
telescopes of very moderate power. Since that time they h^ve 
been continually approaching, and are now so close that only 
a first-rate telescope will enable them to be separately distin- 
guished ; their appearance in any others being that of a single 
elongated star. Hence the plane in which they move must be 
seen by us nearly edgewise. It fortunately happens that 
Bradley, who was Astronomer Royal in 1718, noticed and 
recorded in the margin of one of his observation-books, the ap- 
parent direction of their line of junction, as being parallel to that 
of two remarkable stars of the same constellation; and this 
remark, casual and unimportant as it seemed, has been the means, 
together with the observations which have been made since the 
commencement of the present century, of enabling Sir J. 
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Herschel to determine the orbit with nearly as mudh pre^sision 
as if we looked fdlly upon it. 

528. In this manner it has been shown that the individuals 
composing a binary star have a motion round each other, or 
rather ronnd their common centre of gravity (§. 120) ; and thilt 
they move in elliptic orbits, according to laws precisely the same 
as those which will be shown to govern the motions of our own 
planetary system, — a system which, in comparison with the vast 
universe thus opened to us, is immeasurably smaller than the 
minutest atom discerned by the microscope, when compared with 
the bulk of the globe we inhabit. If we estimate the distance of 
the individuals of the binary stars from each other, as not less 
than that of the sun from the nearest of tt&e fixed stars (which 
we seem perfectly justified in doing), the rapid movement of the 
comet of 1680, which in one part of its revolution swept along 
at the rate of nearly a million of miles in an hour, must be as 
nothing to theirs. 

529. The number of double stars, whose existence Was noted, 
and whose positions were measured by Sir W. fierschel, 
amounted to upwards of 500; and this number has been since 
augmented to 2640, by the labours of his successors in this field 
of observation. A still further increase may 1)e anticipated, 
from the observations of Sir J. Herschel at the Cape of Good 
Hope, which have not yet been made public. Of these, how- 
ever, it fnay prove that only a small proportion are really binary 
stars, — that is, have a mutual revolution round each other. 
Professor Struve, of Dorpat, in a catalogue published a few years 
since, states that there are 58 in which such a change is certain, 
39 in which it is probable, and 66 in which it is suspected ; and 
he considers that we may assume, on tolerably good grounds, 
that, altogether, 101 double stars are entitled to be considered 
as binary combinations. It must not be imagined, however, 
that, because no motions have been detected in the others, they 
do not take place. For it must be remembered, how minute are 
the distances tiiat have to be measured ; and how many observa- 
tions at distant intervals must be needed, to establish the fact of 

ww2 
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the revolation in the case of those whose periods are long. It is 
now not much more than 55 years since measurements of this 
kind were first made; and scarcely 40 years since the proha- 
bility of orbitual motion was first announced. Many of these 
stars may have a period so long, that this brief space is not 
sufficient to enable the least change to be detected in them, with 
our imperfect means of observation ; and a century or more may 
elapse, before their motion shall have been ascertained beyond 
a doubt. 

530. The differences of colour which manifest themselves 
among the Fixed Stars, are often displayed with remarkable 
vividness by the stars of these binary systems. The haziness 
of our atmosphere prevents these differences from being so 
evident in our climate, as they are in those countries where their 
light comes to the observer more brilliantly and uninterruptedly ; 
but still a variety of hue is very distinguishable among the stars 
of the first magnitude, and can be discerned with a telescope in 
those of inferior brightness. These hues seem to change in the 
course of long periods of time. Thus, Sirius (the Dog-star) was 
celebrated by the ancients as a red star, but it is now brilliantly 
white. The contrast is remarkably seen in many of the binary 
stars ; for wherever one of the pair possesses any peculiar hue, 
the other presents whkt is optically termed the complementimf 
colour, — that is, the colour which, united with the other, will 
form white or colourless light.* Thus, if one of the stars be red, 
the other will have a green hue, resulting from the mixture of 
blue and yellow ; or if one be green, the other will be red. On 
the other hand, if one of the stars be yellow, the other will be 
purple, from the mixture of red and yellow, and md versd. 
Lastly, if one of the stars be blue, the other will be orange, from 
the mixture of red and yellow ; and vici versd. 

531. It has been suggested, that this phenomenon is the 
mere effect of contrast ; proceeding from the same cause, as the 
dark spot which is seen on a piece of v^hite paper, when the eyes 
are turned upon it after looking at the sun or some very lumi- 

* See Treatise on Optics. 
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nons body,— or as the red spot on white paper, -v^hen 'we have 
been looking at a bright-green object. > If this were true, the 
colour should be only exhibited by one of the stars, and the 
other should only show its peculiar tint when viewed at the 
same time with the first. But there are several double stars, in 
which this is certainly not the case, their distance being suffi- 
ciently great to enable us to' look at them separately through the 
telescope ; and it is then seen that each has its own proper 
colour, with which it impresses the eye as well when the other 
is absent as when it is present. '' It may be more easily sug- 
gested in words," remarks Sir J. Herschel, ^' than conceived in 
imagination, what variety of illumination two suns — a red and 
a green, or a yellow and a blue one — ^must afford to a planet 
circulating about either ; and what charming contrasts, and 
grateful vicissitudes, — a red and a green day, for instance, alter- 
nating with a whit^ one and with darkness, — ^might arise from 
the presence or absence of one or other, or both, above the 
horizon. Insulated stars of a red colour, almost as deep as that 
of blood, occur in niany parts of the heavens ; but lio green or 
blue star (of any decided hue) has, we believe^, ever been 
noticed, unassociated with a companion brighter than itself." 

532. Combinations of two stars are not the only ones, how* 
ever, in which this kind of union has now been ascertained. 
Guided by the clew which the researches of Sir "W. Herschel 
afforded him. Prof. Struve has examined numerous sets of triple 
stars, — that is, of conjunctions of three bodies ; and he has 
ascertained that the number of these is many times greater than 
could be accounted for^ on the simple probability of their having 
the same visual direction. In several of them, such changes 
have already been recognised, as to lead to the belief — almost 
to the certainty — that they also have a motion round their 
common centre of gravity, and are subjected to the same 
laws with binary compounds. Even more complex systems 
have been discovered. Groups of four and even of five have 
been observed to present such appearances, as sanction the 
belief in their mutual relation : and the same view has been 
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extended with rnvcli probability to the interesting group of the 
Pkiades, which consists of 44 stars of the seventh and higher 
magnitades, contained within a circuhur space of two degrees in 
diameter ; for the probability of their merely optical coincidence 
can be proved to be so excessively small, as almost to approach 
an impossibility. 

533. From combinations like these^ we are naturally led to 
consider whether various stain of our firmament,' distant from 
one another though they are, have any mutual connection and 
related motions. If our cluster could be reganded from that 
distance, at which it would present the aspect shown in Fig^ 
150, the probability of such a connection would appear mudi 
stronger than it does to us, who are placed in its interior, and 
know only the vast distances whidi separate its nearest man- 
b^rs. Yet, by the Jaw of mutual attraction, there would be a 
tendency of all' the individual stars towards each other, and 
towards the centre of the whole mass ; and such tendency could 
not be counteraeted, except by giving to them all a movement 
around their common centre of gravity, like that whidi pre* 
vents the planets from being drawn towards the sun. Now, it 
is quite certain that many of the so-called Fixed Stars have sen^. 
sibly changed their places in the heavens, since these were first 
reoerded ; and that our sun partakes of this general movement, 
— sweeping rapidly along, with his train of planets, towards a 
point in the constellation Hereules.* Many thousands of 3rean 
must elapse, however, before the change of position can produce 
any sensible effects upon the appearance of the heavens from our 
globe, or upon its own condition,-^so vast are- the di8tance»'to 
be traversed ; and it will only be by the combinedobservations 
of the many astronomers^ who are now labouring with patience 
and disinterestedness for those who come aftw them, that such 
changes can be aocuratdy known,, and their laws determined. 

534« We now quit our own cluster or firmament, — ^ib which 
are to be included (as already* explained) all the stars that we 

* This motion, .first announced hj Sir W. Herwhel, has been since denied ; but 
its evstence bai recently been completely established. 
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can distiDgoiah with the naked eye or witb telescopes of mode- 
nte power, and which aeeniB boanded hy the Milky Way ae by 
a band or n>ne, — and pass on to consider the evidence we have 
of the existence of other similar clneterB, for beyond the limits 
of our own. There may be seen, in different parts of the 
hearens, eren with the naked eye, luminous spots resembling 
stars sorrounded by a bright halo, or comets without tails ; and 
many of them have been mistaken for comets, until their fixed 
positions proved the mistake. These, wbeo viewed with tele, 
scopes of moderate power, continue to present the same appear- 
ance ; but when examined with more perfect instruments, they 
are seen to be composed of eluttert of dittinct wtan, baviilg more 
or less of the globular form. From the small amount of light 
which every individual star transmits, it ia evident that the 
cluster must be far beyond the confines of our own group ; since 
they are fai inferior in brightness to the smallest stars of the 
Hilky Way. But from the number which are crowded t(^;ether 
in an area whose apparent sine is very small, the light trans- 
mitted by tiie whole cluster is often suffiraent to give it a con- 
sider^le degree of brilliancy. This is espedally the case 
towards the centre, where, of conrse, we shall see through the 



thickest part of the cluster (supponng it to be of a globular 
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form), and where there will consequently he the most intense 
hrightness. The appearance of one of the most beautiful of 
these clusters,* which are fcermed nehuUB^ from the cloudy 
appearance they present until separated by very high magnify- 
ing powers into their component stars, is shown in the accom- 
panying figure ; which gives, however, but a very faint idea of 
its beauty. But it may generally be observed, as in this 
instance, that the brightness of the centre is greater than would 
result from the simply optical cause just mentioned ; so that 
there must be a real crowding together of the stars towards the 
centre of the group. To attempt to count the stais composing 
such clusters, would be quite out of the question ; but it is 
certain that many of them must contain ten or twenty thousand 
stars, compacted or wedged together into a round space, whose 
apparent size is not more than a tenth part of that covered by 
the moon. 

535. There are numbers of other nehdm^ however, whidi 
require still more perfect telescopes for their separation into 
distinct stars ; and which, therefore, may be regarded as at a 
^vastly greater distance. These, of course, do not present the 
same degree of brilliancy to the eye ; though many of them, by 
reason of their enormous size, are still distinguishable by it. Of 
this kind are the Magellanic Clouds of the southern hemisphere, 
which are so named after the celebrated voyager who first noticed 
them. They are two patches, which have the diffused luminous- 
ness of the Milky Way, but are very much fainter. They have 
recently been examined by Sir J. Herschel at the Cape of Good 
Hope; and he describes the larger of them as consisting of 
globular clusters and nebulas of various sizes and degrees of con- 
densation (or crowding) ; the space between them being filled 
up with a diffused luminosity forming a bright ground on which 
the other objects are scattered. In this he could not distinguish 
separate stars, even with his highest powers ; but he believes it to 
be made up, like the rest, of distinct individuals, far more dis- 
tant and therefore more indistinct. This bright ground, when 

* This 18 the celebrated nebula in the constellation Hercules. It is visible to 
the naked eye ; and in an ordinary night-glass it appears like a* small round eomet. 
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viewed with such a telescope, closely resembles the Milky Way, 
as seen by the naked eye ; and it can scarcely be doubted, that, 
with still higher magnifying powers, it would be seen to consist 
of distinct stars. At present, therefore, it is in the condition 
termed by the astronomer irresolvable^ since he cannot resohe 
or separate it into the parts of which it probably consists : but 
there is reason to believe that it may be resolved with still more 
perfect instruments. We shall find the contrary to be the case 
in regard to some other nebulous patches presently to be de- 
scribed (§. 538). One of the most remarkable circumstances in 
the constitution of these Magellanic Clouds, is the crowding 
together of many distinct clusters, and the curious form which 
one of them presents. This consists of a number of loops united 
in a kind of unclear centre or knot, like a bunch of ribbons dis- 
posed in what is called a ^' true lover s knot ! " 

536. The resolvable Nebulsa are scattered in great numbers 
through the heavens ; and, from the different degrees of magni- 
fying power which are required to make out their individual 
stars, there is good reason to believe that they are at varying 
distances from our own cluster. To an observer living in one of 
the bodies of which either of these clusters is composed, the ap-> 
pearance of the heavens will be determined by the arrangement 
of the stars' in his own group. If it have the globular character, 
seen in Fig. 153, and he be situated near the centre of it, the 
number of stars in his near neighbourhood, and therefore of the 
first magnitude, will be very considerable ; and these, as well as 
the other stars, will appear disposed with tolerable uniformity in 
different directions. To hiniy our cluster will present the form 
represented in Fig. 151 ; and he may perhaps speculate as to 
the appearance which would be exhibited to us by the bright 
band of stars, which encircles our group, and gives such a 
pleasing variety to the aspect of our firmament. Most of the 
resolvable nebulsB have a round or oval aspect; — ^their loose 
appendages and irregularities of form being as it were eztiuT 
guished by the distance, and only the general figure of the more, 
condensed parts being discernible. 

537. But there is a very numerous class of nebulous objects^ 
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which cannot be raeolved into distinct staii, even with the b^jheat 
powers wliioh the teleeeope at present poBSesKB : these are 
termed irreiolvable nehnlse. Now, from the legnlarity of the 
forms presented by some of these, and from other cinmmstancei, 
utronomen hare generaUy agreed to connder them also u 
chiBten of stars, too Ear removed for the individnals to be dis- 
tingnished. The reaaonablesees of thia idea is evident ftom the 
fact, that they present ap- 
pearances precisely reenn- 
bling those of the resolvable 
nebulee, when viewed witii 
inferior telescopes,— sach u 
were the sole instruments of 
astronomen less than a cen- 
tury ago ; and that evoy 
improvement in the telescope 
(and Buch are cobtintudljr 
taking place), enables some or 
Pn, U4. other of them to be riaolted. 

To thia dass we are peiliape 
to refer the very remarkable nebula shown in the aoootn- 
panying fignre, which seems like a picture or fae-sitnlle of 
onr own system hang up in space, and which has been already 
employed aa an imaginary delineation of it. 

538. Bnt it is also certain that a large number of these 
nebulous patches mnst have a difibrent character ; and tJiat, even 
if we could view them from a comparatively ^ort distance, we 
should not be able tc> distinguish any individual stars among 
them. One of the most remarkable of these is seen in the txxistel- 
lation Orion, where it occapies the middle part of the Sword. 
To the nitaided eye it appears as a small star, having a some- 
what indefinite boxy aspect. With a telescope of low poW«r, 
it is been' that the light comes from a surface much larger thatt the 
mer^^int'of a stal- ; and when more highly magnified, thil 
si^rftk0 is Seen to be of 'considerable extent and of strange im- 
gulai form. Now, the peculiarity of this netmla is its great ate 
and brtghttiew;' ooidUtied wHh its coMpfete irtesolvablenesa ; 
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tor vna with Sir W. Herechel's 40 foot telescope, it did not 
pnaent the slightest indic&tion of being oonipoeed of sep&iste 
■Ura. To bethnsiiresolTablennderthemoatpowerfiiltelesaope, 
the stars in this nebula,— anpporang it to hsTO a constitntion 
amilar to that of the nebtdona clnsters already deBctibed, — mnst 
be placed at a;dntMioe from ns ^exceeding that of any of those 
resolTahle nehaUi?, and therefore quite inconceivable ; and not 



even a mBky light oonld be sent from it throngh so vast an 
intcsral, nnlees the stars which compose it were crowded 
tt^her in a most improbable degree. Hence there can be 
little doubt, that this appearance results from a vast mass of 
s^'lnminoas matter, which exists in the condition of a diffiised 
taponr, floating in spaoe, like the most delicate clonds which we 
distingnish in the flood of light sent upwards in a calm sanset. 
A sin^lar nebnla, also vinble to the naked eye, and looking like 
a bint luminouB spot upon the dark-blue of the firmament, may 
be seen in the -CHrdle of the constellation Andromeda. 

539. Of the existence of this sdf''1umitiouB or nebulous 
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matter, there are many other proofs. Numerous stars exist in 
the heavens, which do not present the definite appearance of the 
rest, but are encircled with a halo or dim atmosphere, and yet 
are evidently nothing else than $tar9^ — the body being peifectly 
distinct in the centre, and the luminous atmosphere being so 
gradually shaded off, that it is impossible to suppose it to con- 
sist of an assemblage of distinct solid masses.* It will be here- 
after mentioned (Chap, xxii.) that, between stars having a very 
Extensive atmosphere of this kind, with but an indistinct solid 
centre^ and stars entirely destitute of it, and being (as it were) 
<dl centre, a regular series of gradations may be detected; 
which leads to the belief, that these nebulous stars are gradually 
undergoing a change, by the conversion of the luminous vapour 
into the solid state, so that the body is continually increasing in 
bulk, whilst the luminous atmosphere is diminishing in extent : 
and further, that there is a high degree of probability (to say 
the least) attendant • upon the supposition, that <dl the solid 
masses, composing our own and other clusters, were originally 
in the condition of this luminous vapour, or nebulous matter. 

540. These unresolved nebulsB, which are suspected to con- 
sist of patches of nebulous matter, not condensed into solid 
masses, are very numerous, and exhibit strange varieties of form. 
Many, like the nebula in Orion, present a large ill-defined sur- 
face, in which it is difficult to say where the centre of the 
greatest brightness is. Some appear to cling to stars, like wisps 
of cloud; whilst others exhibit the appearance of enormous 
rings, with a vacancy more or less complete in the centre. A 
very remarkable annular (ring-like) nebula, in the constellation 
Lyra, is described by Sir J. Herschel as having an opening 
which is not entirely dai^k, but is filled up with a faint hazy 
light, resembling fine gauze stretched over a hoop. Another 
nebula is mentioned by him as possessing the remarkable form 
of an hour-glass or dumb-bell ; the bright matter being sur- 
rounded by a thin hazy atmosphere, so that the whole presents 
an oval form. It appears that double nuclei are not unfrequent, 
exhibiting all the varieties of distance, position, and relative 
brightness, with their counterparts the double stars. Now, as 
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single ncbuhe, haTing a correspondence with these in size and 
appearance, are but rarely seen, it is extremely improbable that 
the neighbourhood of two such bodies should be apparent only ; 
and it is still more improbable that they should touch, and in 
part oTerlap each other, without having any mutual connection. 
It is much more likely that they constitute systems, which are 
perhaps binary stars in process of formation; and they offer 
most interesting subjects for future inquiry. 

541. No certain knowledge can be gained as to the consti- 
tution of the nebulffi, and the changes they undergo, until they 
have been watched through their di£Ferent aspects during a 
long period ; and in order that this may be accomplished, it is 
necessary to keep accurate records of their positions and appear- 
ances at different times, — ^a work of immense labour, which is 
only now begun. No fewer than 2000 nebuke and clusters of 
stars were observed by Sir William Herschel, and their places 
determined by him. His son, Sir J. Herschel, commenced, in 
1825, ^^the arduous and pious task" of revising his father's 
observations ; and he published, in 1833, a list of 2500 nebul» 
and dusters, of which 500 were new. Since that time, he has 
been engaged in the exploration of the Southern Hemisphere ; 
and, when his observations shall have been arranged, a vast 
amount of novel information will doubtless be made public. To 
the exalted spirit in which he has undertaken this great work, 
let the following quotation bear testimony. — ^^ How much is 
escaping us ! How unworthy is it in them who call themselves 
philosophers, to let these great phenomena of nature — these slow 
but majestic manifestations of the power and glory of God — 
glide by unnoticed, and drop out of memory beyond reach of 
recovery, because we will not take the pains to note them in 
their unobtrusive and furtive passage, — ^because we see them in 
their every-day dress, and mark no sudden change ; and con- 
clude that all is dead, because we will not look for signs of life, 
and that all is uninteresting, because we are not impressed and 
dazzled*" 

542. The question naturally presents itself, when the analogy 
of the Stars and our Sun is considered, whether the latter partakes 
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of the nebulous character which has been mentioned as being 
exhibited by many of the former. There is a phenomenon, known 
under the name of the Zodiacal light, which is now generally 
regarded as leading to such a conclusion. It consists of a long 
train of faint light, of a conical form, which is left by the sun 
after setting, and is projected upwards on the sky. It is easily 
seen, after almost any clear sunset, in tropical ^climates ; but in 
our comparatively hazy atmosphere it is not so readily distin- 
guished; and it is only when the sun is in its most favourable 
position, which happens about the month of April, that it can 
be clearly seen, and then only on a clear evening. It is called 
the Zodiacal light, from its following nearly the course of the 
Ecliptic or suns path (§. 547). We know that it extends on 
all sides of the sun ; since it may be seen before he rises, as well 
as after he sets ; and from these facts it may be certainly con- 
cluded, that it is produced by a thin self-luminous atmosphere 
surrounding the sun, and spread out, in the direction of his 
equator, into a lenticular* form, so that the edge of either half 
of it will appear like a cone. Its extent appears not to be 
limited by the orbit of Mercury, or even by that of Yenos ; and 
its character appears to be precisely that of the nebulous matter 
already alluded to, in a state of greater condensation. But 
although we have thus distinct proof that the Sun belongs to the 
class of nebulous stars, it is equally certain that it would acaroely 
appear to be surrounded by such a luminous halo, even whra 
viewed from the nearest of the fixed stars with Herschel's largest 
telescope ; since, as already stated, even the 190 miUions of miles 
which make up the diameter of the earth's orbit, constitute a 
space which would be viewed from the nearest fixed star at an 
angle of less than a second, which is much less ihan that exhi- 
bited by the nebulous atmosphere of many of the stars. Hence 
we are justified in believing, that all the stars are surrounded by 
such a^ atmosphere, to a greater or less extent, even though we 
are unable to see the least indication of it ; — a circumstance of 
which the importance will be obvious, when the theory of their 
formation is considered (Chap. xxii.). 

* That is, like a lens or round disc of glass, conyex or bulging on both sides. 
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543. One more question yet temains. Do our own group, 
and the cloisters and nebulad which we can see from it, make up 
the whole of the universe ; or are these but a part of a system 
still more vast? Upon this question we can only speculate; 
and yet speculation seems justifiable. For, since every improve- 
ment of the telescope brings into view nebulas, which, through 
their distance and consequent faintness, were previously invi- 
sible, — and resolves others, which were previously considered 
irresolvable, into distinct stars, — it. would be evidently 
absurd to suppose, that the confines of the universe have yet 
been explored ; and scarcely less absurd to imagine, that man, 
in his present state of being, and with his limited powers, can 
ever reach them. Now, it is remarkable that these clusters and 
nebulsB are not by any means uniformly diffused through the 
heavens, but that they seem to form distinct bands ; so that we 
must regard our own cluster, and its fellows, not as scattered 
confusedly through space, but as having a certain definite 
arrangement, that shall give to the whole assemblage a distinct 
form. If it could be viewed from a distance, therefore,— if the 
eye could be removed to a point as far beyond the furthest visible 
nebula, as that nebula is from the most remote on the other side 
of this vast assemblage, — ^it would present an appearance cor- 
responding with that of the Magellanic Cloud. May not the 
wonderful appearance, then, of this filmy spot (§. 536) be due 
to its similar constitution ; and may we not regard it as including 
within itself numbers of distinct clusters, every one of them com« 
posed of vast multitudes of suns and systems like our own ? 

544. And if this be regarded as probable, who shall venture 
to assign a number to these vast assemblages, or to say that he 
has thus measured the length and the breadth, surveyed the 
height, or fathomed the depth, of Almighty Powbr? Our 
own planetary system, comprising as it does a sweep of neurly 
six ihotuand milliona of miles in circumference, is but a speck, 
almost immeasurable on account of its minuteness, when viewed 
from the nearest of those luminaries which sparkle in our skies, 
like brilliants studding the dark mantle of night. The whole 
assemblage of these luminaries, bound together by a common 
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tie, and eDcircled by the glowing zone whose distance reduces 
its brilliance to the soft and gentle light of the Milky Way, 
constitntes an isolated doster, which would appear but as a 
luminous speck in the firmament, when seen from even the 
nearest of similar groups, and but as a filmy spot, when viewed 
eyen with the most powerful telescopes from the more remote. 
And all these clusters are themselves part of one great system, 
bound together by common ties, glowing with the same light, 
their movements regulated by the same laws,-^and thus pro- 
claiming to the mind of man the unity of creative deaign. 
And how is this conviction strengthened, when we find that 
even this is not the highest point from which we can survey the 
universe, — that we can look even beyond that vast system of 
which we form so insignificant a part, and discern the impress 
of that same design in what we might almost term a different 
universe, — so vast -must it be, — so completely does it seem 
isolated from our own ! And even this is probably but one out 
of many, formed upon the same plan, yet each differing from 
the rest, as this from ours. 

545. It has been well said, that truth is often more wonder- 
ful than fiction; and that reason may advance, where the 
imagination dare not follow. So is it here. For what imagina- 
tion eould have ventured so bold a flight, if reason had not 
pointed the way ? The philosopher, engaged in searchiog for 
the laws which govern the phenomena of nature, and gaining 
but a glimpse of the uniformity of plan which is to be discovered 
amidst their countless variety, sees there displayed an order, 
a beauty, a harmony, a n^ajesty, more glorious than anything 
which 'the fictions of the poet can produce, — ^. because re(U. 
It is, then, the legitimate use, the noblest employment^ of our 
intellectual powers, to apply them to the attainment of those 
lofty views of the Creator's works, which shall enable us to see 
them in some measure as He sees them,— -to survey them as 
parts of one vast and harmonious scheme, — instead of looking 
upon them (as from a less elevated position we are compelled to 
do) as insulated spots, beautiful in themselves like the oases of 
the desert, but connected by no plan that embraces them all and 
affords the guiding clue to their diversified wonders. 
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546. Is it not thus that we are led to the highest conception 
of Infinite power, wisdom, and love^ of which our finite minds 
are capable ? — Power, that has filled ail space with the creatures 
• of its hand, so endlessly diversified in their structure and mode 
of existence, that the mind would not be able to follow them 
through their yarieties, were it not for the unity of plan that 
pervades the whole : — ^Wisdom, that has arranged that whole 
with the most consummate harmony and perfection, attaining 
every end by means that approve themselves, even to our limited 
comprehension, as the most simple and the best adapted that could 
be employed : — Loye, that in all has provided for the greatest 
amount of happiness and enjoyment of which each living creature 
is susceptible, — giving to some the pleasures of earthly exist* 
ence, which, however short-lived and transient in our 'estima- 
tion, are to them the height of felicity, — and to man, whom the 
Creator hath made in His own likeness, upon whom He hath 
stamped His own image and superscription, the power of pre- 
paring himself to enter upon a state, where, ^^ disencumbered of 
a thousand obstructions which his present situation throws in 
his way, endowed with acuter senses and higher faculties, he 
shall drink deep at that fountain of beneficent wisdom, for 
which the slight taste obtained on earth has given him so keen 
a relish.**' 

** There is a'Und where everlasting suns 
Shed everlasting brightness, — where the soul 
^Drinks from the living streams of love, that roll 
By God's high throne 1— -Myriads of glorious ones 
Bring their accepted offering I Oh how blest 
To look from this dark prison to that shrine — 
T* inhale one breath of Paradise divine — 
And enter into that eternal rest 
Which waits the sons of God.'' 

" If the eye of man is here permitted to behold such daaszling 
wonders, — if his mind can soar into such depths of space, and 
grasp such immensity of time, — what wiU be the world which 
eye hath not seen, and which the human imagination cannot 
conceive ! What will man be when he is perfected and become 
as the angels in heaven !" 

a Q 



CHAPTER XVI. 

OP THE APPARENT AND REAL MOTIONS OP T^E SUN AND 

PLANETS. 

547.. Besides their daily rotation around the earthy the Sun 
and Planeta appear to have motions of their own ; so that their 
place among the fixed stars is continually changing. The ancient 
astronon^ers were well acquainted with these, so faf at least as 
they could he ascertained hy their imperfect instruments of mea- 
surement ; and they £ramed an ingenious theory to account for 
them. The idea of the sun's daily motion around the earth, 
along with the fixed stars and planets, heing once admitted, it 
was not difficult to suppose that he travels a little more slowly 
than the stars, so as daily to shift his apparent place among 
them ; hy which Aa makes only 365 revolutions round the earth, 
whilst they perform 366 (§. 454). They accounted for this 
independent motion hy imagining, that, whilst the sun is carried 
round the earth by the general motion of the starry sphere 
(§. 455), he has a sphere oi his own, which travels in the con- 
trary direction, and makes one revolution round the earth in a 
year. They observed that his pskih among the fixed stars (de- 
termined in the manner already mentioned) is a very regular 
one, and forms a circle in the starry sphere, which does not cor- 
respond to its equator (that is, is not eVeryil^here equaHy distant 
from its poles), but is inclined to it, being considerably nearer 
the north pole in one part of its course, and as much nearer to 
the south pole in another. This path they called the Ediptie ; 
and they observed that the points where the Ecliptic crosses the 
Equator (see Fig. 160) are those at which the sun is, when the 
length of the day and night is equal ; whilst the length of th^ 
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day is greater (in the part of the globe to the north of the 
Equator) when the sun is in the northern half of the Ecliptic, 
at which time he rises higher in the sky; the length of the 
night being greater whilst he is traversing the southern half of 
the Ecliptic. The belt of stars above and below the sunn's path was 
termed by them the Zodiac ; and it was divided by them into 
twelve constellations (§. 500), which were termed the Sigm of the 
Zodiac, These va^-^Arm (the Bam), Taurw (the Bull) 
Gemini (the Twins), Cancer (the Crab), Leo (the Lion), Virgo 
(the Virgin), lAhra (the. Scales), Scorpio (the Scorpion), SagU- 
tariue (the Archer), Capricornue (the Goat), Aquariiu (the 
Water-bearer)^ and Piecee (the Fishes). The list may, perhaps, 
be best remembered by the following doggerel lines — 

The Ram, the Bull, the heaVnlr Twins, 
And next the Cfab the Lion shinea. 

The Virgin and the Scales, 
The Scorpion, Aicher, and He-Goat, 
The Man that holds the Watering-pot, 

And Fish with glittering tails. 

548. When the idea of the dai/y revolution of the sun 
round the earth 
was abandoned by 
Copernicus, it was 
at once perceived 
by him, that the 
annual motion of 
the sun was alike 
improbable ; and 
that his apparent 
cbangeof place may 
really be accounted 
for, quite as satiif- 
fictorily, and much 
more probably, by 
regarding the sun 
as fixed, and the 

earth as revolving 

oo2 
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round him. This may be easily proved. For, in the accompany- 
ing figure,' let S be the sun, fixed in the centre ; and let E, E 1, 
E 2, and E 3,' be four positions of the earth, revolying around 
him. Now, when the earth is at E, the appareni place of the 
sun in the Ecliptic (which is represented by the outer circle) is 
found by drawing a line from E through S ; and this line, ter- 
minating in H, marks this as the position of the sun among the 
fixed stars. But supposing the earth to travel onwards to E 1, 
the sun's place, fonnd in the same manner, will be at K. When 
the earth has advanced to E 2, the sun will have shifted his 
position to L; as the earth travels onwards to E 3, the sun 
travels to M ; and by the time it has reached its* first position E, 
the sun reaches its first position H. Now, if we imagine, with 
the ancient astronomers, that the earth is at S, and that E, E 1, 
E 2, E 3, are different positions of the sun, we shall not see any 
difference in the sun''s apparent path among the stars ; except 
that his place at any given time will be in a part of the heavens 
opposite to that in which he would be seen from the earth, if 
their positions were as at first described. For, to an observer 
at S, the sun, when at E, will appear to be at L ; when at E 1, 
he will appear at M ; when at E 2, he will appear at H ; and 
when at E 3, he will appear at K. The time and direction of 
his apparent revolution is the same in either case. — ^In deciding 
this question, therefore, we must be influenced by other cond- 
derations, such as the relative sizes of the earth and sun, and the 
analogy of the other planets, which can be proved to move 
round him ; by these it is not left in the least degree doubtful, 
that the apparent annual revolution of the sun among the stars 
is caused bv a real annual revolution of the earth around him. 

549. The apparent paths described by the planets (of which 
Jive only were known to the ancients, — namely, Mercury, 
Venus, Mars, Jupiter, and SatuJm), do not differ widely from 
that of the Sun ; but they are executed in different times. Thus 
Mars requires nearly two of our years to perform one complete 
revolution ; Jupiter nearly twelve ; and Saturn nearly thirty. 
Hence it was imagined that each of them was fixed in a different 
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Sphere, which was daily carried round the earth with that of the 
fltara, hut which had a contrary movement of its own, like that 
of the sun. Judging from the times of these movements, they 
formed a correct idea of the relative distances of these bodies 
from us. The Moon, whose revolution is performed in a month, 
they considered to be the nearest; they supposed Mercury to 
be the next, then Yenus, and then the Sun, — their times being 
less than his ; beyond the sun they placed Mars, Jupiter, and 
Saturn. The planets nearer than the sun were called inferior ; 
the more remote, superior ; and these terms are still employed. 
But it was soon observed that the motions of the Planets have 
not the regularity which characterises those of the Sun and 
Moon ; for that, instead of always proceeding onwards in their 
course among the stars, they sometimes appear stationary, and 
sometimes actually seem to move backwards for a short time — 
then becoming stationary again, and afterwards moving forwards 
again. The ancient astronomers were much perplexed to account 
for these irregular motions ; and invented many ingenious me- 
thods of explaining them. They set out upon the principle that 
all the heavenly bodies move in circles^ — ^the circle being consi* 
dered the most perfect figure ; and they endeavoured, by com- 
bining together two or more circular movements, to show that 
the planets might continue to execute these without interruption, 
whilst appearing to us to move forwards, backwards, or to 
remain stationary. Into the details of this explanation it is not 
desirable here to enter, since its falsity has . been completely 
proved ; but it may be mentioned, that so complex was the sys- 
tem of motions thus required to account for the irregularities of 
each planet, and so unlikely did it seem that such an apparatus 
could execute its movements without jarring or disturbance,— 
that Alphonso, king of Castile, having been instructed in these 
cumbrous mysteries, is recorded to have said, — ^' If I had been 
the Creator of the universe, I could have made it better/'— To 
such low ideas of a creative power and wisdom does a false 
philosophy lead. 

550. The greatest difficulties of the early astronomers re- 
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spected the planets Mercury and Yenns, wbich are never seen at 
any great diflftance firom the san, and seem to vibrate (as it 
were) within a limited range on ^ther side of him. There are 
traces in the writings, even of those who belieyed in the motion 
of the sun ronnd the earth, of an idea that Mercury and Yenns 
reidly revolye round the sun, and are carried by him in his an- 
nual and daily rotation round the earth. Copernicus saw the 
trutbof this idea; and pointed out that, if combined with the 
idea oiF the earth's reyolution around the sun, it would reconcile 
all the principal irregularities obserred in their motions. Thns 
in Fig. 156, let the curcle A B D F O represent the orbit of 
one of the inferior planets, S bmng the position of the sun, and £, 
El, E2, £3 the orbit of the earth. Now, supposing that, while 
the earth is at E, the inferior planet. Mercury or Yenus, ia 
at A, it will then be in the same line with the sun, so that, 
if it be seen from the earth, it would occupy a corresponding part, 
H, of the Ecliptic. It would be invisible to us, however, in con- 
sequence of its bright or illuminated face being turned com- 
pletely away from the earth ($• 553) ; and instead of being 
exactly an the ecliptic, it would be probably a litl^ above or a 
little bdow it. Bat suppose the planet to be in the pontion B, 
it would thmi be seen at N, or to the west of the sun; it would 
therefore set before the sun, and also rise b^ore him, being thus 
a mamififf star. Now, this position is the one in which the 
planet is most removed from the sun ; for it is easy to see that 
no line can be drawn: from E through any point in the cirde 
A B G D F G, which shall diverge from the line E S H pass- 
ing through the sun, at a wider angle. Supposing the planet, 
in its progress through its orbit, to advance to D, it will ^en 
have returned to the apparent position H ; and its motion horn 
N to H, being in the same direction as its real revolution in its 
orbit, is termed direct. Continuing still to revolve round ihe 
sun, it comes to O, and is then seen at I ; it is then east of the 
sun^ and cons^ently rises and s^ later than the sun, or is an 
evening star. In its passage through the part G A of its orbit, 
its apparent place again approaches that of the sun; and its 



PIBBOT ANB BSTBOOB4BS MOFBMBNTS. 



449 



motion among the stars firoin I to H, being now in the direction 
contrary to that iji its real reYolntion, is termed r^rograie. Tbe 
retrograde moyement oontinues, until the planet reaches B and 
is seen at N ; alter which it retuvns by a diirect movement to 
H, and thence to I. 

551. Now, in thia description it will be seen that we have 
not taken account of the earth's motion, and have therefore 
considered the pla^e of the sun a^ £xed at H*. The yibration of 
the planet jon either side of ithe $un will be exactly as first 
represented; but as the sun's place among the star^ i? itsdf 
changing, the inCsrior planets wilji go forward (as it were) along 
with him; and jbhun, instead of being limited to the small portion 
I N <^ the whole ecliptic, they will in time traverse the whole 
of it,: — each retreat being shorter than the ad;vance which pus- 
cedes and follows it. This will be underatood from Fig. 157* 
For let S represent the sun, a$ before ; let the inner circle repre- 
sent the orbit of Mer- 
cury, the middle circle 
that of the earth, and 
the outer circle the 
ecliptic. The spots E, 
£ 1, £ 2, &c. upon the 
orbit of the eartli re- 
present its various po- ^ 
flitions, corresponding 
to tiiose of Mercury, 
•which are indicated by 
the spots I, 2, 3, &c. 
.upon the inner circle. 
During the'time'that 
»the earth moves from 
£ 1 to E 2, Mercury Fm. 157. 

passes from 1 to '2; in the same manner as the earth moves 
from E 2 to E 3, Mercury passes from 2 to 3 ; and thus, whilst 
the earth moves from 1 to 8,' Mercury executes a whole revolu- 
tion, and begioB anotiier. Nqw, when the earth is at E l.ahfl 
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Mercury at 1, the place of the latter in the sky will be at 1' in 
the oater circle; and as the apparent place of the sun, as. viewed 
from the earth, is at 1 *, we see Mercury at his greatest distance 
to the east of the sun. But by the time that Mercury has 
advanced to 2, the earth will have moved to E 2 ; the apparent 
movement of Mercuryi therefore, will be from 1^ to 2' ; and this 
being in the direction of his real revolution (or from west to 
east), is a direct motion. At the same time, the apparent place 
of the sun will have ohanged from 1 * to 2 *; and as his motion 
is more rapid than that of Mercury, the latter will seem te 
have approached him. As Mercury advances to 3, the earth 
advances to E3; and by this change in their relative positions, 
there is a change in the apparent position of Mercury from 2' to 
3' ; and this movement, being from east to west, is retrograde. 
At the same time, the sun has been regularly advancing in his 
course, so that his apparent position comes to be the same as 
that of Mercury, namely 3' ; and by this double change Mercury 
has been gradually approaching the sun, and at last comes ii^to 
the same line with him, which is termed Mercury's conjunctian. 
The retrograde movement of Mercury continues, whilst he is 
travelling from 3 to 4, the earth at the same time changing its 
place from E 3 to E 4 ; and as the sun continues to move steadily 
in the opposite direction, they again begin in appearance to 
separate from one another, Mercury being now, however, to the 
westward of the sun. When Mercury has reached 5, he will be 
seen at 5', having commenced his return or direct movement; 
and the sun, as seen from the earth at E 5, will have the 
apparent place 5 *; so that Mercury is now at his greatest dis- 
tance on the western side of the sun. His direct movement 
continues, as he passes through the positions 6, 7^ 8» whilst the 
earth changes to E 6, E 7, and E 8 ; when at 8, he really attains 
the point from which he started ; but he is seen in a very different 
place among the stars, in consequence of the changed position of 
the earth. During this movement, the sun also continues • to 
change his position in the ecliptic, in the same direction ; but 
Mercury's apparent motion is quicker; so that when Mercury 
reaches 9, he is seen at 9', which is almost exactly the same 
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point at which the sim would be seen from the earth at E 9.' 
Hence Mercury is agun in conjunction^ though he is on the side 
contrary to his previous one^ where he was hetween the earth 
and the sun. By a continuation of the same change, we should 
find that Mercury, still gaining in his apparent motion upon the 
sun, will again become east of him, and will afterwards commence, 
a retrograde movement, which will soon give place to a direct one, 
as before. The path through which we have traced Mercury is 
indicated by the bent line drawn within the outer circle. 

552. Now, by applying the same mode of reasoning to the 
superior planets, Copernicus showed that their apparent ixregu- 
larities could be accounted for as simply. For in the accom* 
panying figure, let S, as before, represent the sun, and E, £ 1, 
£ 2, &c. the various positions of the earth ; whilst P, PI, P 2, 
^. represent the corresponding positions of Mars or Jupiter, 
moving more slowly in a larger orbit. It will be seen that the 
apparent places of the planet as seen from the earth, will be 
those indicated on the outer circle or ecliptic by P', P' 1, P' 2, 
Sec. ; and that it thus performs a movement which is retrograde 
between P' 2 and P 3, and 
direct elsewhere. The ex- 
tent and rapidity of the 
retrograde movement are 
greater, as the distance of 
the planet from the earth 
is less ; hence it is more re- 
markable in Mars than in 
Jupiter, and in Jupiter 
than in Saturn. The su- 
perior planets are not con- 
fined to the neighbourhood 
of the sun, however, as 
Mercury and Yenus are; 
but are sometimes seen in 
a part of the heavens ex- 
actly opposite to him. Fio. ira. 
Thus suppose A, Fig. 156, to be the position of the earth, and E 
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to be that of Mars or Jupiter, the sun will be seen at H, whilst 
Mars or Jupiter is seen at L. It is then said to be in oppotUum. 
553. The doetriue of theearth^s double motion, long after it 
was first propounded by Copernicus, was strenuously opposed 
by those who called themselves philosophers. Som^^ of the ob- 
jections brought against it were of a nature which, in the present 
day, we should consider as moat ab^^rd. But there was one 
which seemed more important, even to Qoperniicus himseUL 
This was the supposed fact, that Mercury and Yenns always 
piteent to us round and fully illumi^iated discs; wheneas, if they 
revolTc round tibe sun, in the manner supposed by Copernicus, 
and derive their light from him, they ought to present a series 
ot phases or changes of appearance, resembling those exhibited 
by the moon. Thus in the accompanying diagram, let E be 

the positicm of the 
5Y^ , earth, ajoA let V J, 

V 2, V 3, &c. be 
various positions of 
the planet Yenus 
in her revolutioD 
round the sun. The 
dark portkn of 
each small circle 
shows that part of 
the planet vdiich, 
<not being illomi- 
nated by the sun, is invisible to us ; wlnlst the unshaded portbn 
shows that which is illuminated, and of which we Shall see more 
or less according to our position. The lines drawn across these 
circles show the boundary of the portion of the planet's globe, 
that is seen from our earth at E. Now, when Yenus is at Y ], 
the whole of her illuminated side is turned directly towards* the 
earth, and her disc should be round, iike that of the moon at 
full. As she passes towards Y 2, Y^d, and Y 4, however, we 
gradually see less and less of her iUumiiiated side ; and she 
should appear at first gibbous, then a half-circle, and then 
homed, just as the moon dojes. When she arrives ftt Y 5, >her.dark 
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side is entirely tun&ed towards us, and she should then be com- 
pletely inyisible ; but she should reappear, on the other side of 
the sun^ in a form like that of the new moon, and should go 
through a series of changes resembling hers, until she again 
arriyes at the full* 

554. Now, all this, to any one w^io gives attention to the 
subject, is a necessary consequence of the system of Copernicus ; 
and so far firom attempting to dispute the fact, he contented 
himself with replying, that it would be perceived to be so, if 
ev&e we had the means of seeing the discs of these planets more 
clearly. His prediction was most signally confirmed ; for soon 
alter his death the telescope was invented ; and one of the first 
astronomical discoveries made with it, was that very series of 
phases, the supposed absence of which had been the most im- 
portant objection to his doctrine, but which thus afibrded to it 
them ost triumphant confirmation. It is only during a part of the 
revolution of Yenus, however, that these phases can be observed ; 
for when she approaches the sun too nearly, she is drowned (as 
it were) in his flood of light, and her form cannot be distin- 
guished. This is still more the case with Mercury ; whose ap- 
parent distance from the sun is never so great as that of Tenus^ 
the orbit in which he moves being much narrower. 

555. The doctrine of Copernicus thus gradually prevailed, 
and its simplicity came to be appreciated. An attempt was 
liiade by Tycho Brahe, an eminent Danish astronomer, to com- 
bine the idea of Copernicus with the ancient system ; by sup- 
posing that the earth remains fixed in the centre of the system, 
and that the planets revolve, not round it, but round the sun, 
and are thus carried with him in his annual course round the 
earth. This idea never extensively gained credit, however ; and 
it seems to have been only ad<^ted by Tycho Brahe, because he 
perceived the impossibility of accounting for the motions of the 
planets upon the ancient system, and yet was not prepared to 
give it up for the nmple doctrine of Copernicus— Att mind, like 
that of other less enlightened men of the time, being imbued 
with the idea of the earth's fixity, to question which seemed to be 
striking at the root of all knowledge. 
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556. It 18 evident, from what has been said, that all the 
irregnlarities of the apparent motions of the planets are thus 
explained by the simple idea of their revolution round the sun, 
combined with the motion of the earth ; and that, instead of the 
cumbrous machinery with which the ancient astronomers were 
obliged to suppose every part of their system to be loaded, we 
can view it with Copernicus, as a simple but majestic whole. 
By carefully observing the places of the planets, as seen from 
the earth, we can determine those in which they would be seen 
from the sun, with as much accuracy as if we were ourselves 
really viewing them from the centre ai the whole system ; and 
can thus appreciate the real uniformity of their revolutions, and 
the simplicity of the principle by which these are governed. 

557. A more striking analogy has scarcely ever, perhaps, 
been pointed out, between the changes in the world of matter 
and in the ^nrorld of mind, than that which the profound and 
excellent Hartley has suggested, between the movements of the 
solar system, as viewed by the terrestrial astronomer, and the 
operations of God'^s moral government, as it manifesto itself to our 
present imperfect observation. There is no thinking person, it may 
probably be affirmed, who has not at some time or other found it 
difficult to reconcile with his idea of the infinite benevolence 
of the Deity, the pain, guilt, and wretchedness, which he sees 
in the world around him ; — who has not felt disposed to murmur 
or repine at the dispensations of Providence, as they afiect 
himself, or those in whom he feels the deepest interest; — or 
who has not experienced some despondency, when the best-laid 
schemes (as they appeared), designed by motives of pure bene- 
volence, to promote the welfare of the human race, have proved 
abortive, and the social condition of the world has appeared 
rather to be retrograding than progressing. Those who have 
learned, by the study of astronomy, how from a perplexing and 
imperfect, because a distorted view, a system replete with beauty 
and harmony may be discovered, simply by placing ourselves 
in its centre, and viewing every movement as it would be there 
seen, should attempt to carry the same idea into their contem- 
plations of the more obscure and difficult scheme of God's 
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moral government. " We ought," as Hartley finely observes, 
** to suppose ourselves in the centre of the system ; and to tiy, 
as far as we are able^ to reduce all apparent retrogradations 
to real progressions." 

558. And those who have most calmly watchedi and most 
quietly waited, for the appointments of Providence, have testified 
most abundantly that such is the actual result of experience, — 
that out of darkness has shone marvellous light, — that out of 
perplexity a straight path has been revealed, — ^that out of the 
guilt or misery of the few have arisen the elements of happiness 
to many, — and that out of the apparent retrogradations in the 
condition of mankind, have sprung the elements of its most 
rapid progressions. By dwelling on such views, the mind 
becomes habituated to them ; and that entire conviction of the 
perfect benevolence of the Deity is obtained, which leads to an 
implicit reliance on his paternal goodness, even in the seasons 
of greatest darkness and despondency. '^ And thus/' continues 
Hartley, ^^ all difficulties relating to the Divine attributes will 
be taken away ; God will be infinitely powerful, knowing, and 
good, in the* most absolute sense, if we consider things as they 
appear to Him. It is the greatest satisfaction to the mind, thus 
to approximate to its first conceptions concerning the Divine 
goodness, and to answer that endless question, — why not less 
misery and more happiness ? — in a language which is plainly 
analogous to all other authentic language, though it cannot yet 
be felt by us, on account of our present imperfection, and of the 
mixture of our good with evil. " 

559. The same idea may be carried out in the formation of 
our own rules of conduct. " With respect to benevolence, or 
the love of our neighbour," says Hartley, *' it may be observed 
that this can never be free from selfishness, till we take our stand 
in the Divine Nature, and view everything from thence, and in 
the relation which it bears to God. If the relation which it 
bears to ourselves be made the point of view, our prospect must 
be narrow, and the appearance of what we see, distorted." 
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Inclination qfthe OrUu of the Planets. 

560. From what has been stated of the cause of the son's 
apparent path among the stars, it will be evident that the EcHp* 
tie is that icircle in the starry sphere, in which the earth wonld 
appear to moTO, if seen from the snn ; and that a plane or ley^ 
snr&oe, psssed through the earth^s orbit, and carried ont inde- 
finitely, would reach this line. Now it has also been mentioned, 
that the planets do not moTe exactly through the same path 
with the sun, but are sometimes a little above it, and sometimes 
below. The reason of this is, that their orbits are not opon the 
same plane or level with that of the earth, but are more or less 
inclined to it. The meaning of this term is shown in the aoconn 
panying figure, which represents the orbits of two planets re* 

volving round the sun, 
and viewed aslant^ that 
their relative positions 
may be better seen. 
Let AE B F represent 
the ecliptic, or orbit 
of the . earth ; whilst 
cedf represents the 
orbit of Mercury or Yenus, the end c being raised considerably 
above the plane or level of the earth's orbit, whilst the end d 
dips as much below it, the points e and /being on the same level. 
Their relative positions will be better understood, by canying 
out the orbit cedf until it becomes as large as the other; and 
it win then be represented by O E D F. Thus it is seen that the 
plane of one orbit cuts the plane of the other in the line E oSfF; 
this line always passes through the centre. The angle which the 
two planes make with each other, is called the inclination. Cor- 
rectly speaking, either orbit might be said to be inclined to the 
other ; but it is convenient to refer all of them to that of the 
Earth as a common standard. Hence the inclinations of the 
orbits of the different planets are expressed in reference to the 
Ecliptic. 

561. As it ts only at the two points, e and/, that the plane 
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of one orbit is the same with that of the other, so it is only when 
the two planets happen tobe at the same time on these correspond- 
ing points of their respective orbits, that they will actually come 
into the same line. For suppose the earth to be at B, whilst 
Mercury is at d, he will be seen from the earth not upon the 
sun, but below him, though in the same part of the ecliptic. Or, 
again, let the earth be at A, and Mercury at c, he will then be 
seen ahove the sun, though in the same part of the ecliptic. And 
when the planet is on the other side of the sun, as at c when the 
earth is B, or at e^ when the earth is at A, it will not be hidden 
behind the sun, but will be seen above or below him. But when 
the earth is at or near one of the points E or F, and Mercury is 
also at or near one of the points e or /, (which are called the 
nodei of his orbit,) he will either be seen as a black spot upon 
the sun's disk, or will be obscured behind it, according as 
he is between the earth and sun, or beyond the latter. Th6 
apparent passage of Mercury or Yenus over the sun'^s disk, 
which is called a trantU, is obviously a phenomenon that can 
occur but rarely ; since many revolutions of both may happen, 
before they will be at or near the nodes together. It is obvious 
that no tramits of the superior planets can occur; but the 
earth, being an inferior planet to Mars, Jupiter, &c., will 
perform occasional transits to them. 



CHAPTER XVII. 

OP THE LAWS GOVERNING THE MOVEMENTS OP THE BODIES 

COMPOSING THE SOLAR SYSTEM. 

562. '^ What is a law of nature V* — is a question which may 
be appropriately put, at the commencement of the exposition, to 
which we have next to proceed, of those governing principles 
whose operation we trace in the movements of the heavenly 
bodies. Yet the answer to it will be best given, after we have 
traced the steps by which these principles have been attained* By 
those who watched these movements, it was early perceived that 
an order and regularity prevail among them. The uniform 
motions of the Stars, which vary only in the times of their 
rising and setting, with the place of the sun among them,musi 
have been remarked in the very earliest times. The Sun daily 
rises in the east, and sets in the west ; his path through the 
heavens, though altered in each succeeding circuit, is yet but a 
repetition of that which he took a twelvemonth previously ; and 
we may predict with certainty, that it will be traversed with the 
same exactitude, at every future return of the same season. 
Though the ^^ changes of the Moon" have passed into a proverb, 
yet in these variations is the influence of law and order yet more 
obvious, — so exactly do they recur, with such positiveness may 
they be predicted. Even the less frequent phenomena which are 
dependent upon some of the finer peculiarities of her motion, and 
which seem to occur with no regularity — those, for instance, of 
eclipses— are reduced, by patient and long-continued observa- 
tion, to a code of no inferior certainty ; so that even the Chal- 
dean shepherds, who were completely ignorant of the mode in 
which they were regulated, were enabled to predict them, for a 
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loDg series of years beforehand, with considerable accuracy. So, 
again, with regard to the movements of the Planets :^«althongh 
many apparent irregularities exist, which, with the wrong con- 
ception formerly entertained in regard to the central position of 
the earth, gave rise to great difficulty, yet in all ages there has 
been a settled idea, that they are capable of being accounted for on 
fixed and determinate principles. Even Comets — those strange 
and wandering lustres, which seem almost to connect our system 
with the universe beyond — were not altogether excluded from 
this idea of regularity, by the more sagacious of the earlier astro- 
nomers ; although regarded by the vulgar but as portents of the 
Divine wrath, significant of war, pestilence, or famine. 

563. More attentive observation of these movements led, as 
we have seen, to a clearer and more accurate conception of the 
mode in which they take place. The earth, by the followers of 
Copernicus, was no longer regarded as the centre of the system, 
but as one of its subordinates ; and the simple idea that the 
planets, instead of revolving around the earth, move, like her, 
around the sun, was sufficient to explain a large number of the 
apparent irregularities, and to increase the belief in the simplicity 
of the laws by which the movements are controlled. For this 
idea once properly applied, showed that, however regular and 
exact the movements of the planets around the sun, they must 
present irregularities when viewed from a body which, like our 
earth, is itself out of the centre of the system. But Copernicus 
still entertained the idea that the heavenly bodies move in cir- 
cles, and at a uniform rate; and he could not satisfactorily ac- 
count for certain irregularities which presented themselves, after 
all needful allowance had been made for the diffiarence between 
real and apparent motion. The discovery of the cause of these 
was reserved for Kepler, who had early imbibed the doctrines of 
Copernicus, and who devoted the energies of his powerful mind 
to the search for the laws governing the planetary motions. 

Kepler s Laws. 

564. After many ingenious speculations, which he aban- 
doned when they were proved to be erroneous, as easily as he 

H H 
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bad oonslraoted tbem (a lare Tutae in a philosopher, but that 
which every one ought to possess), Kepler became acquainted 
with the mass of yaluable observations which had been coUected 
hj Tjcho Brahe ; and selecting from them those which related 
to the planet Mars, he applied himself with the greatest diligence 
to discoyer his true orbit, <Hr the path he describes in space 
around the sun* His perseverance was crowned with success ; 
for, after a patient and laborious investigation, he succeeded in 
proving that, if we regard the orbit of Mars as an ellipse or oval, 
instead of a circle, we shall be able to account for all the varia- 
tions in its observed positions. Extending the same mode of 
inquiry to the orbits of the other planets^ Kepler showed 'that 
they flJso are dliptical ; and so feur as the orbits of their satellites 
have been investigated, the same rule holda good in regard to 
them. It might have been predicted, then, with toleraUe cer- 
tainty, that all planets move round the sun, and all satellites 
round their primaries, in obedience to this law ; and it has he&k 
found to hold good most completely, in regard to the five new 
planets, and the numerous satellites, disoovered since the time of 
Kepler. But he could cmly state the goieral fact, without 
assigning any reason for it; and we shall find that it viras 
reserved for Newton to give that proof of the necessity of this 
form of the orbit, as the result of the primary laws of motion, 
whidi alone could properly confer upon it the character of a 
general principle. 

565. The forms of the orbits of most of the planets depart 
little firom that of the circle ; that is to say, although elliptical 
or oval, yet the oval is not a long one— or, in other words, ita 
eccentricity is not great. The orbits of the comets, on the other 
hand, are eiiremely kmg ellipaea ; and thus we have, as it were, 
two extremes in tibe form of the paths of bodies belonging to the 
aokr system, in eadi of which the same law holds ^od. The 
place of the Sun, in all these cases, is not in the centre of the 
ellipse (G, Fig. 161) which is the point where its longest and 
shortest diameters, PPG and A B, out each other ; but in one 
of the points, S, F, which are teimed the foci. Hence in a very 
elfiptical orbit, the sun will be much nearer one extremity than 
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the other ; and even in an ellipse so little eceentrio as that of the 
earth's orhit, the variaiion hetween the least aad greatest dis* 
tances (SP and 8 P 6) is no less than three millions of miles. 
The mean distance, which is the one usually referred to when 
the distance of a planet from the sun is mentioned, is the average 
between the longest and shortest, and would be represented by 
the line S B, Fig. 161 ; which, by a property of the ellipse, is 
equal to half the long diameter. 

566. It was found, however, by Kepler, that although the 
places of the planets could be thus exactly accounted for, and 
their courses predicted, there was an irregularity in their times 
of movement, which was inconsistent with the idea of their 
having an equal velocity in different parts of their orbit. He 
observed diat, when in the part nearest the sun, they moved with 
much greater rapidity than when at their greatest distance ; and 
that, i^ter passing their perihelion* or nearest point, their motion 
waa gradually retarded until they reached the aphelioni or fur* 
thest point; after passing which it was gradually accelerated 
until the perihelion was again reached. Kepler then applied 
himself most diligently to discover what general principle might 
be found to govern these varieties of movement ; and his perseve- 
rance was again rewarded with complete snccess. The law which 
he ascertained to govern the rate of motion of every planet in 
every part of its orbit, and which has been since found applicable 
to those newly-discovered planets whose orbits present such 
varieties of form as completely to test its accuracy, — and not 
only to these, but to comets moving in orbits far more eccentric, 
— *is extremely simple, and may be thus very briefly expressed 
in mathematical language >^The radius vector mopes over equal 
areas in equal times. To the readers of this treatise, however, 
an explanation of this law, as well as a simple statement of it, 
is necessary ; and it will, it is hoped, be readily comprehended 
by the aid of the accompanying diagram, which represents an 
ellipse more eccentric than the orbits of most of the planets. 
Of ibis ellipse, S is one of the foci ; and it consequently repre* 

* From two Greek words, meanrag near the tun. 
t From two Oreeik wordf, mesung mwmyfrmn tkettrn. 
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Fig. 161. 



sents the position of the sun. Each of the lines S P, S P 1, 
S P 2, &c. drawn from S to points in the ellipse, is termed a 

radius vector* By these 
jPl lines, the whole area or 

surface of the ellipse is 
divided into smaller 
portions, each bounded 
by two straight lines 
and a part of the curve. 
Now these lines are so 
drawn in the diagram, 
that the area included 
between the lines S P 
and S P 1 is exactly 
equal to that included between S P 1 and S P 2 ; although the 
distance along the curve P 1 P 2 is much less than the distance 
P P 1. In like manner, the area bounded by S P 2 and S P 3 
is equal to that bounded by S P 1 and S P 2 ; and thus, in fact, 
all the areas into which the ellipse is so divided are equal to each 
other. The portion of the curve which forms their exterior 
boundary, gradually decreases from P P 1 to P 5, P 6, in pro- 
portion to its distance from the centre. 

567. Into whatever number of equal areas the ellipse be 
thus divided, the general law holds good, that the planet will 
move along the portions of the curve that include them, in equal 
times; so that it moves very much faster when near the sun, than 
when at a distance from him. If a dreU were similarly divided 
into equal areas, as all the radii are eqaal, these areas would be 
enclosed by equal portions of the curve ; and the motion of the 
planet would be uniform. The more eccentric the ellipse, there- 
fore, the greater will be the difference in the rate of the revolving 
body^s motion at its two extremities. This difference is most 
extraordinary, however, in the movement of comets, as will be 
pointed out hereafter (Chap. xix.). Now this principle is briefly 
but fully expressed in the law just stated. For if we suppose 
the radius vector^ S P, to move round S as a centre, so as to come 
successively into the positions SPl, SP2, &c. this line will 
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move over equal areas ; whilst the revolving hody is moving in 
eqaal times through the arcs P P 1, P 1 P 2, P 2 P 3, &c. Or, 
to state it in another form,— if we mark upon the planet's orbit 
the portions which it has described in any given times, as, for 
instance, a day, a week, or a month, — and then draw lines from 
those points to the focus, we shall find that the included areas 
are uniformly equal. Thus we see that the apparent irregular- 
ities in the rate of movement, axe really obedient to a law as 
constant and r^ular in its action, as if the body moved at the 
same rate in every part of its orbit. This law, as ascertained by 
Kepler, however, is simply the expression of the general fact, — 
that the rate of movement always corresponds with the area 
traversed by the radius vector : and why this peculiar relation 
exists, was altogether unknown to him. This it was reserved for 
Newton to explain. 

568. The third great law established by Kepler, is that 
which governs the times of the revolution of the planets round 
the sun. Many attempts had been made, both by him and by 
others, to discover some connection. It was felt to be probable 
that some relation does exist between the distances of the planets 
frt>m the sun, and the times of their revolution; since these 
times increase in the same order as the distances increase, with- 
out any exception. These times, however, do not increase in the 
same proportion with the distance, but in a higljer one ; thus 
Venus is at nearly double Mercury's distance from the sun, and 
her year is almost three times as long ; and nearly the same is 
the case in regard to the planets Saturn and Uranus at the op- 
posite end of the series. But still the proportion is not a simple 
one, as that of 2 to 1 , 3 to 2, or any numbers of such a kind ; 
and after many efforts, Kepler perceived that the relation was 
as follows : — The tqiuxres of the tvmee in which theplanete revolve 
round the sun^ are proportional to the cubes of their mean dietaneee 
from the centre. This will be best explained by an example. 
The mean distance of Jupiter from the sun is almdst exactly 
5*2 (or 5j.) times that of the earth ; consequently, reckoning the 
latter as 1, the ctd>e9 of their tnean dietances will be as (5*2 x 
5-2 X 5*2 =) 140-6 to (1 x 1 x 1 =) 1. Now, the very same 
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proportion ezista between the iquarei €i their tkna. The length 
of Jnpiter t year, reckoniitg ours as 1, k 11*86; consequently, 
the square of Jupiter's time is (11-86 x 11-86=) 1406, whilst 
that of tiie earth is (1 x 1=) 1. In this wav, then, we may 
ascertain the time of a planet's revolution, firom the knowledge 
of its distance ; or its distance from a knowledge of its time : 
and such is the method employed for exactly ascertaining the 
eomparative distances of the planets, which could not be deter* 
mined with near so ma<^ precision by direct observation. 
Thus, if we know that the period of Jupiter'^s revolution is 11*86 
times that of the earth, we square that number, and take the 
cube-root of the product (140*6). This cube-root (5*2) gives 
its proportion of distance to the earth's. In the same manner, 
if, having the proportional distance, we had desired to find the 
time of revolution, we cube the distance (5*2) ; and of the cube 
(140*6) we take the square*root (11*86), which gives the pro- 
portional time. We cannot asoertam their actual distances firom 
the sun, without being firat acquainted with that of the earth ; 
and this is detexmined by observing certain celestial phenomena, 
as already explained (§. 513). 

569. Theie three laws regulating the motion of the planets 
round the 8un,--*l. Their motion in elliptical orbits, the place 
of the sun being in one of the foci, — 2. The passage of the radius 
vector over equal areas in equal timeS)—- 3. The constant pro* 
portion between the squares of the tfmes of revolution, and the 
cubes of the mean distances,-^at« universally known as the laws 
of Kepler, by whom they were discovered ; and every succeeding 
discovery has only served to show their exact application to new 
cases, and therefore to prove their correctness. Still, however, 
they are in themselves only general stat^nents of facts. The 
reason why such a proportion should exist between the time and 
the distance, was no more evident than the reason why the 
planet should move in an ellipse ; which seemed a figure ranch 
less natural than the circle for it to revolve in« Nor did any 
connexion appear to exist between these laws themselves. Each 
expressed one set of facts ; and this might or might not have 
a bearing on the others. It was reserved for Newton, however. 



NBWTON^B DISCOYBBIES* 465 

to show that these laws are themaelyes subordinate to one general 
principle ; and that all the facts whidi thej express an the 
necessary results of this. 

NetotovCs Discoveries. — Lawn of Motion and Gr<miation. 

570. Newton commenced the study of the planetary motions, 
by starting with the idea of their being produced by the combined 
action of two forces acting on one another in the same manner 
as they would act at the surface of the earth. By carrying out 
this idea, he proved that, if a body be put in motion in a straight 
line, and be then subject to a constantly-operating force, drawing 
it in a different direction, it will be bent from its straight path 
towards the source of this second force ; and that, if the two 
forces be m a certun proportion, the body wUl revolve around 
'that point. The laws of force and motion, together with thb 
particular application of them, having been already treated of in 
this volume (Chap vi.), it is not requisite to do more here than 
refer to them. Now when these principles were applied, by the 
aid of mathematics, to the planetary movements, it was found 
that an eUipse would be almost necessarily the curve performed 
by one body revolving round another (§. 17^); — that a body 
moving in such an ellipse must have a very different rate in 
different parts of its orbit, in consequence of the varying force 
exercised over it by the central body ; — that this rate always 
corresponds with the area passed over by the xadius vector ; — 
and lastly, that the diminution of the central attraction as the 
distance increases, would occasion that particular relation between 
the distances of the planets and their times of revolution, which 
has been just explained. 

571. Thus the movements of the heavenly bodies, under the 
influence of these two forces, were shown to be perfectly con- 
formable to those of a body at the earth's surface, acted on by 
corresponding forces; and the lates of motion laid dowu by 
Newton, were proved to apply alike to the movements of the 
planets in their vast orbits, and to the simplest and most ordinary 
changes that are continually taking place under our own notice. 
This, therefore, was a vast advance in generalization ; for these 
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simple principles, when carried into operation, are found to 
govern. o^ the varieties of motion that we can detect, whether 
in the heavens or on the earth ; and thus, whilst each of Kepler's 
laws embraced a limited group of facts, having little or no ap- 
parent connexion with each other, the comprehensive principles 
established by Newton enabled him to. show why these laws 
should exist, or, in other words, to prove that, from the very 
nature of his principles, the movements must take place as Kepler 
discovered them to do. 

572. But there was still another great advance to be made. 
Newton's reasoning, up to this point, was carried out upon the 
idea that there exists in the sun an attractive force, which has 
the power to draw the planetary bodies from the straight paths 
in which they would otherwise be moving, and to cause them 
to revolve around him ; and he perceived that, if this force be 
regarded as diminishing in exact proportion to the increase of the 
square of the distance, it wotild produce all the results which 
actually follow. But the question next arose in his mind, — 
What is the nature of this attractive force ? — ^has it any relation 
with the attractive force by which the earth draws towards its 
centre the bodies on its surface ? Such an enquiry it would not 
be difficult to answer satisfactorily, by comparing the force with 
which the earth attracts a body on its surface, with that vrith 
which it draws the moon out of its straight course. Thus, in the 

accompanying diagram, let £ be 
the centre of the earth, and B C a 
portion of its surface. Let MOP 
be a part of the orbit of the moon ; 
and let us suppose that she passes 
through the space M O in the 
course of a minute. This shows, 
upon the principle already laid 
down in regard to elliptical motion 
(§. 172), that, if the moon had been 
allowed to fall freely towards the 
earth from the point M, she would 
traverse the distance M N in precisely the same time ; and we 
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are thus enabled to estimate precisely the influeDce of the earth''8 
attractive force upon the moon, if we are acquainted with her 
distance, and the consequent size of the ellipse she traverses, so 
that we may ascertain the precise length of M N. This attraction 
we may compare with that which the earth has for a body at its 
surface, by ascertaining the height, A B, through which a body 
would fall in the time occupied by the moon to fall from M 
to N, which we have supposed to be a minute. 

573. Now the attraction of the earth for bodies upon its 
surface, would be much greater than for the moon, in conse- 
quence of the increased distance of the latter (^ 89) ; and 
allowance must be made for this, in comparing the two. If, 
when this has been done, we find that the amount of attraction 
which the earth has for the moon, evidenced by its drawing that 
body out of its straight course to the amount of the distance M N 
in every minute, is the same as that which it has for bodies upon 
its surface,— we may reasonably conclude that the force is the 
same in both instances, and not only in these cases, but in all 
similar ones. Thus, to identify the mysterious force which binds 
together the far-distant masses of the solar system, with that 
which produces the simplest and most familiar effects upon the 
earth's surface, — is an idea which now seems to us simple and 
familiar ; and we may feel surprised that it should have remained 
so long undiscovered. But it must be remembered that the 
minds of men had been possessed with the notion, that celestial 
and terrestrial motions were of entirely different characters, not 
governed by the same laws, and dependent on different causes. 
In foct, when Newton first broaght forward his doctrine, it was 
strongly opposed by all bat a very few, who had sagacity to 
perceive its truth, and appreciate its beauty. 

574. The history of the discovery is not a little interesting. 
After Newton had been engaged in studying the planetary 
movements, and had discovered that they are to be accounted 
for by the laws of motion which he had established, he retired 
to his country-seat, there to meditate upon further progress. 
It is commonly believed that the grand idea, upon which his 
fiune rests and ever will rest until time shall be no more, — that 
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of the identity between the attracting power which the earth has 
for the moon, and that which it has for every particle of matter 
on its surface, — was suggested to him by the fall of an apple to the 
ground, while he was sitting in his orchard. But though such 
an accident may have suggested it to his mind, it is probable 
that in no other human being of his time would this or any other 
accident have aroused the thought ; and it is equally probable 
that it would have sooner or later occurred to him, if this acci- 
dent had never happened. For it was not one of those extraor- 
dinary phenomena which arrest the attention and strongly 
excite the spirit of enquiry ; but one of a kind which has been, 
from the very creation of the human race, constantly occurring 
beneath their eyes, without ever opening the least glimpse of 
the great truth beyond. 

575. When Newton, in the year 1665, first brought the 
truth of this idea to the test, by comparing the earth's attractive 
force, exercised at the distance of the moon, with the power it 
exerts on the surface of the earth, he was led into error by hav- 
ing wrong materials to work upon. It was necessary that he 
sboald compare the respective distances of the moon, and of a body 
on the surface of the earth, from the centre of the latter (§.92); and 
if either of these distances was wrongly estimated, there would 
be a disagreement in the results. Now at that time, a degrw of 
latitude was reckoned at only 60 miles instead of 69^ ; and con- 
sequently the distance from the centre of the earth to its sur&oe 
was supposed to be only about 3436 miles, instead of 3964. 
Hence the result of the calculation was to indicate, that the 
diminution of the earth^s attraction at the distance of 237,000 
miles (the mean distance of the moon) was greater by about 
one-sixth than it really is ; and it appeared, therefore, that it b 
not sufficient to produce such an effect upon the moon as was 
indicated through observation, by the amount of this difference. 
Many persons would have imagined that this very close aooord- 
ance — ^for such it really is — was sufficient to prove the correctness 
of the idea; but it was not so with Newton; and he laid his 
hypothesis aside for nearly fixteen years. No advance was 
therefore made, until 1682; when he accidentally heard, whilst 
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attending a meeting of the Royal Society, of a newmeasnreineDt 
of the length of the degree, which had been made in France 
three years previously. Having taken a note of the result, and 
calculated the earth's radius from it, he resumed his former 
calculation ; and it is recorded that^ as he advanced towards the 
completion of his task, and perceived that the result would be 
probably conformable to his theory, — '^ when he felt on the verge 
of obtaining one of the most important laws ever revealed to 
man, and was recognizing that which for evermore would bind 
the heavens to the earth, and constitute himself the first of 
philo8opher8,-^he became so agitated that he could not carry on 
the computation, but paced the room whilst a friend put the 
finishing stroke to it/^ The principle once recognized in regard 
to the attraction of the earth and moon, its application to the 
sun and planets was obvious ; and thus combining the celestial 
and terrestrial phenomena into one grand but simple generaliza- 
tion, Newton announced to the world the most important 
principle that man has ever attained, — that principle which has 
been already stated (§. 88) as the law of ffravkaiion or universal 
(Utraetion, What were his emotions when he first ventured to 
assure himself of his success, we can only guess at ; but from the 
habitually jeligious character of his mind, we may infer that 
they were those of '^ a thankful child, bending in reverential 
gratitude, that he had been enabled to look into the ways of the 
beneficent Maker and Father of all." 

576. We are now prepared, therefore, to reply to the ques- 
tion — " What is a Law of Nature ?" It has been shown that 
the majestic phenomena presented to us in the varied movements 
and changing appearances of the heavenly bodies, take place in 
a certain order, so definite and constant that they are all capa- 
ble of being exactly predicted, yet not by any means apparent 
at first sight. We have seen that, for some of these phenomena, 
a certain rule or principle might be laid down, whilst another 
rule or principle might be said to govern others. Now, • 
if we could discover no higher or more general principle, of 
which these become the necessary results, we should consider 
these as imm^iately depending upon the. will of the Creator, 
and therefore as primary or fundamental laws of nature. But 
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hy the discoveries of Newton, they were shown to be subordi* 
nate laws, resulting from this grand principle of universal attrac- 
tion, and from the general laws of motion. In these we at 
present rest, as the highest laws yet discovered ; — ^that is to say, 
they explain all the varieties of motion, shown by manef of 
matter, with which we are acquainted, aind leave nothing to be 
accounted for. Whether this principle may be united with 
those which regulate the movements of particles of matter, pro- 
ducing the various moleeular changes which occur in electrical 
and chemical action, so that one principle still more general may 
include the whole, — is a question at present undetermined. 
The simplicity of the mode in which the Creator executes 
His operations upon the universe, as manifested in the 
principles* or laws discovered by Newton, would lead to 
the belief that there are other. laws yet more simple and com- 
prehensive, which it is perhaps left for another Newton to 
discover. 

577. Our minds, however, must be at present content to rest 
in the laws of motion and attraction discovered by that illustrious 
man, as the simplest and most direct expressions we possess, of 
the mode in which the Deity x>perates upon the material uni- 
verse. A law of nature is nothing else than such an expresaon. 
When we say that the Creator willed that all masses of matter 
should attract one another, with forces directly proportional to 
their bulks, and inversely as the squares of their distances, — ^we 
not only state that one fact, but include all the consequences of 
it, however numerous and diverse they may be. Thus we are 
able to calculate from it the precise force with which the earth 
attracts a stone upon its surface, and is itself attracted by the 
sun, the moon, and the planets. And when we state that a 
mass of matter in motion, will continue moving at the same rate, 
unless retarded or accelerated by some force external to itself, 
we do in fact state what is true of every motion in the universe, 
.because the Creator tcills that it should be bo. A law of na- 
ture, then, is nothing else than a simple expression of the will 
of the Divine Creator. Or, to define it in another way, it is 
the mode in which He determined that the operations of the 
material universe should be performed. When He created mat- 
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ter, He endowed it with certain properties, which occasion its 
Tarious actions ; thus he gave it the property of mutual attrac- 
tion, which causes any two masses to approach each other, if 
they are not kept asunder hy any other force. Having once 
ordained these conditions, and having foreseen by His infinite 
wisdom all the actions to which they will lead, he continues to 
act in the same manner. Were he continually changing his 
plan of operation, we should not be able to avoid the idea of 
mutability, and therefore of imperfection. In his moral govern- 
ment of the world, such changes may seem to occur. It requires 
an enlarg'ed mind, capable of placing itself in some degree in the 
same position with the Deity, and of viewing things as He views 
them (§. 557), — such a mind as we sometimes see in the closing 
years of those who have spent their whole lives in faith and 
duty, when the world is gradually fading from view, and the 
spirit seems already preparing to quit its earthly tenement and 
to enter its immortal home, — to conceive the unity of the design 
upon which that is conducted. And it is perhaps not one of the 
least advantages of the study of Astronomy, that it impresses on 
us, more strongly perhaps than the study of any other science can 
do, the idea of the immutability and perfection of the Divine 
Mind ; and thus prepares us to believe that of which Bevelation 
assures us, in regard to his dealings with mankind.* 

578. There is, perhaps, a danger in dwelling too exclusively 
on these hws^ lest we should forget that, after all, they are only 
expressions of the mode in which the Creator is eonttantfy acting 
on the universe. This tendency has shown itself among philo-* 
sophers in all ages. It is sufficient, say they, to suppose matter 
endowed with certain properties, for us to account for all its 
actions. This is quite true so far as it goes : but whence the 
properties? whence matter itself ? Their existence cannot be 
satisfactorily accounted for, except by regarding them as depen- 
dent upon the will of the Greater. And if that will under- 
went a change, — ^if the supporting, guiding, and controlling hand 
were withdrawn but for an instant, — the whole fabric of the 
universe must fall into confusion. We may illustrate this by 

* For some interesting views on this subject, see Mr. Whewell's Bridgewater 
Treatise, p. 381. 
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the analogy of the goyemment and laws of a human kingdom ; 
bnt it must be recolleoted that the word Imo is here used in a 
yery different sense, being merely a rule of action, to which its 
subjects are expected to conform, and for yiolation of which there 
are certain penaUies. The action is not necessarily obedient to 
the law, but becomes so by the choice of the indiyidual subject. 
Still there is this important analogy : — ^The law is made by a 
goyemment, and may remain unchanged for ages in its statute- 
book, constantly operating upon the people, but without any 
fresh exertion of the governing force ; yet, if that force were to 
cease, if the government were to be upset by a rovolution, and 
no supreme power existed to compel observance of the law, it 
must cease to be efficacious. Just so is it in regard to the laws 
which the Creator has laid down for the government of the 
' universe. We may conceive that, as an eminent philosopher has 
expressed it, the Deity ^' has, by creating his materials endued 
vnth certain fixed qualities and powers, impressed them in thdr 
origin with the spirit not the letter of his law, and made all 
their subsequent combinations and relations inevitable ccwse- 
quences of this first impression ;" but the continued existence 
of these materials, and the various actions they perform, are but 
the manifestations of the continuance of the same mode of oper- 
ation. To suppose, therefore, as some have done, that the pro- 
perties first impressed on matter would of themselves continue 
its actions, is not only to deny all that revelati<Mi teaches vb 
regarding our continued dependence on the Creator, but is 
inconsistent with the teachings of the soundest philosophy, 
regarding His government of the material universe, 

Perturbatiom. 
579* If we trace the law of universal attraction into its con- 
sequences, we shall find that it not only produces the r^taular 
naotions of the planets round the sun, and of the satellites round 
their primaries, but that it must also occasion irr^zdarities 
resulting from the action of these bodies i]9)on one anotbW. For 
there is no reason why the Earth should not be attracted by 
Venus, Mars, Mercury, or Jupiter, as well as by the Sun ; and 
why its motion should not be affected by them, in a degree pro- 
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portional to their Bizes and diBtances. Nor, again, if the law of 
universal attraction be true, is there any reason why the satellites 
should not be attracted by the sun, as well as by their primaries ; 
and their orbits considerably deranged, by the variation of this 
attraction with their varying distances from him. Such irregu- 
larities actually do occur; and they are so numerous as, alto- 
gether, to render the real motions of the heavenly bodies consid- 
erably different from those which the simple law ahready laid 
down might be expected to produce. Newton had himself 
contemplated this result ; and he successfully applied the prin- 
ciple to the explanation of certain considerable variations in the 
moon'^8 motion, which were known to the astronomers of that 
time. But the motions of the planets had not then been 
studied with sufficient accuracy for the minuter variations which 
ihty exhibited, to be detected. The existence of these, however, 
he predicted ; and the result has afforded the most triumphant 
oonfirmation of the truth of his doctrine. For every such dis- 
turbance, ix frnivrhaiion^ which can be shown to be a necessary 
result of the theory, hM been discovered, provided its amount be 
great enough to be detected by our present means of observation ; 
whilst, on the other hand, '^ there is not a single perturbation, 
graat or small, which observation has ever detected, that has not 
been traced up to its origin in the mutual gravitation of the 
parts of our system, and been minutely accounted for, in its 
numerical amount and value, by strict calculation en Newton's 
principles." 

580. Here, then, we see the full perfection of this noble 
science. Its theory not only accounts for all observed phenomena, 
but predicts those which, either through insufficient attention, 
or imperfect means of ohserration, had previously escaped detec- 
tion. No other science con approach it in this respect; for 
aHhough, in many, principles of great generality — that is, 
aocon ati ng for a large number of phenomena— -have been disco- 
vered, there is none in wrhkki there are not a great number of 
phenomena yet to be accounted for, or in which the action of the 
principles is unaffected by some unknown causes, often rendering 
predictions fiiliaoioQS. In this respect, then, as in maiiy others, 
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does the study of astronomy condact us peculiarly near to the 
Creator ; enabling us to conceive, however imperfectly, of His 
mode of governing the universe ; and giving to the dark and 
finite mind of man some portion of that foreknowledge which is 
fully possessed only by Him, to whom past, present, and future, 
are the same, tod "a thousand years but as one day." 

581. We shall find, in the next chapter, that the masses of 
the planets are altogether but very small, when compared with 
that of the Sun. The largest of them, Jupiter, is only l-lSOOih 
part of his bulk ; and therefore, supp>osing the. distances of the 
Sun and Jupiter firom the earth to be the same, the latter s 
attraction for the earth would be no more than l-1300th of that 
of the former. But, whilst the mean distance of the sun firom 
the earth is 95 millions of miles, Jupiter, being at a distance of 
490 millions of miles from the sun, can never be nearer to us 
than 395 millions, and may be as distant as 585 millions, — ^that 
is, must be always from about 4^ to 6^ times as distant firom 
the earth as the sun is. Hence, supposing their masses equal, 
his attraction would be weaker in the proportion to the squares 
of 4^ and 6^ to the square of 1 ; or as 20^ or 42^ to 1. If we 
suppose Jupiter to be at his nearest point to the earth, there- 
fore, his attraction will be 20 times less than that of a mass equal 
to himself, situated in the place of the Sun ; and as the Sun is 
1300 times the bulk of Jupiter, the attraction of the latter must 
be less by (1300 x 20) 26,000 times, than that of the Sun. As 
Mars, however, is nearer to Jupiter, and more distant from the 
Sun, the attraction of Jupiter will produce much more consider- 
able perturbations in his movement ; and these become, in fact, 
very sensible, when his course is accurately watched. The in- 
fluence of Jupiter upon the four Asteroids is still greater ; but his 
power of attraction is most remarkably shown by Comets, which, 
when they cross his path at no great distance firom him, have 
their times and orbits greatly altered, or even altogethw changed. 

582. The most important class of perturbations, however, is 
that of the motions of the satellites, in consequence of the Sun's 
attraction ; and this has been, of course, most completely studied 
in the case of our own Moon. Here the attraction of the Sun 
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for the satellite or secondary becomes subordinate to that of the 
primary, round which it revolves, in consequence of the near 
proximity of the latter. For although it may be absolutely 
greater (as it is in the case of our moon) the greater part of it is 
expended in keeping the satellite, as well as the primary, in 
revolution round itself ; and it is, therefore, only the difference 
of the Sun's attraction for the primary and secondary, which 
results firom the constant variations in the distance of the satellite, 
that acts as a disturbing force in altering its course. The average 
amount of this force, as it acts upon the Moon, was calculated by 
Newton to amount to no more than 1 -638,000th of the force of 
gravity at the earth^s surface, or 1-1 79th of the principal force which 
retains the moon in her orbit. In some instances, these per- 
turbing causes operate but for a short time ; and tend to produce 
a contrary effect within a short time afterwards, so as to neutra- 
lize the first. But in other instances, the irregularity goes on 
accumulating, and may produce permanent effects of great con- 
sequence. Sometimes these effects increase up to a certain point, 
and then diminish : and continue to increase and diminish alter- 
nately, each set of changes requiring many years or ages for its 
performance, so that the mean or average condition is not 
affected. Any series of such changes, requiring a certain length 
of time for their performance, and repeated again in the next 
similar interval, are termed secular * variations. Of this kind 
is the variation in the plane of earth^s orbit, or the ecliptic, 
which is produced by the influence of the other planets, to the 
amount of about 48 seconds every year, and which is recognised 
by an alteration in the latitudes of the stars. The effect of this 
change, at present, is to occasion a diminution in the angle 
between the ecliptic and the equator ; but it can never proceed 
to a greater amount than about l^- deg. ; after attaining this, 
it will begin to take place in the opposite direction ; and a 
constant vibration within this limit will occur, in periods of 
enormous^ duration. 

583. Not only do the planetary bodies attract one another, 
however, but they also attract the Sun himself, which is very far 

* From the Latin saeulwn, ui age, or long period of time. 

I 1 
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Irom beiBg Ihe ixed body he is ordhnrily sapposed. Their 
masses aire so small, howeTer, ia comparison with his^ thai, even 
were they all brooght into one line, thej would not be able to 
draw his centre more than his own diameter from the point it 
should occupy. And as, so iar from erer being in or near that 
Ime, they are to be found, at any period of time, scaltered on 
different sadesof the sim, their several attractions for him, in 
a great degree, balance one another. Still, however, the snn is 
not fixed ; for he performs a revolntion anmnd the centre of 
gravity of the whole S3rstem ; and ibis is, in fact, the real centre 
round which the planets revolve. For if a large and a small 
cannon-ball be connected by a chain or bar, and be ^Medt from a 
gun, they will be pretty sure to receive a movement of rotation 
as well as one of projection (§. 230) ; and we then observe that 
neither, strictly speaking, revolves round the other, but that 
they both revdve round their common centre of gravity. Now, 
the centre of gravity of a system containing any number of 
bodies, whose weights and positions are known, is easily ascer- 
tained ; but as the positions of the planets are constantly chang- 
ing, the situation of the centre of gravity must also be in 
continual alteration ; and thus the movement of the snn is one 
which can hardly be described. He is drawn fertbest away from 
his central position, when Jupiter and Saturn are on the same 
side of him ; since their attraction for him is far greater than 
that of all the other planets put together. But notwithstanding 
sudi variations, the place of the sun remains so €ur imchanged, 
that the common focus of the ellipses of the planetary orbits, is 
always within his globe ; — that is to say, bis centre never moves 
so far from this point, as to cause it to be outside his surface ; and 
after a series of any lengthy the position of the sun would always 
be the same as it was» when the planets last had the same 
places. 

584. There are some perturbations, however, which do not 
seem to be thus kept in check ; but which appear^ on a cura o ry 
examination, to go on increasing without limit, and thus to 
^reaten the overthrow of our system. It is said that Newton 
himself entertained thiid fear ; and that he supposed that the 
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stability of the ^stein could not be presenred witkout a diieot 
interference on the part of the Deitf . He did not attempt to 
solve the question, however ; but left it for the matbemaliciajM 
of the next generation to investigate. It is not a question of 
observation alone ; f(ff observation would lead os to believe in 
the progressive continuanoe of many of the changes in question. 
Thus, the Moon has heesk revolving more and more qiiiekly 
jround the earth, from the time of the first recorded eclipses ; and 
is now in advance, by about foiv times her own breadth, of what 
her place would have been, if it had not been afiected by this 
acceleration. The eccentricity of the Earth^s orbit, again, and 
the obliquity ol the ecliptic, have been continually diminishing 
since the first observations that serve to determine their amount. 
We might not unfairly suppose, therefore^ that such changes 
would continue to proceed, as they can be shown to have done 
for thousands of years past ; and that the overthrow of the 
system must be the final result* But the question oaimot be so 
decided. It requbes a laborious and profound investigation, 
which embraces proUems of the highest matheipatieal difficulty* 
Nevertheless, these difficulties have been overcome; and the 
wonderful result has been obtained,— "that the arrangements of 
the solar system are stable, all the changes which occur in it 
being restrained within moderate limits, and having a tendency to 
balance each other, and to keep each other in check. The orbit 
of every planet and satellite may be regarded as having an 
average form, on each side of which it will undergo deviati<m9; 
but these deviations are never great, and their direction is 
changed before any serious derangement is produced* The 
periods required for a single series of these changes are in many 
instances of thousands of years in length, and in some cases even 
of millions ; and hence it is that these apparent derangements 
have been going on in the same direction since the beginning of 
the history of the world. But the restoration is, in the sequel, 
as complete as the derangement; and in the meantime, the 
disturbance never attains an amount sufficient to make a serious 
alteration in the adi^tations of the system.-^With this wonder- 
ful demonstration, the names of Li^grange and Laplace (botii 

xi2 
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French mathematicians) — especially of the latter — ^will' ever 
remain connected ; as that of Newton is with the doctrine of 
universal attraction. 

585. The stability of the system has been shown by Laplace 
to depend upon the fact, that the planets all move in the same 
direction, in orbits of small eccentricity, and slightly inclined to 
each other. This being the case, whatever be the masses of the 
planets, all their secular variations are periodical and included 
within very narrow limits ; and they have thus a kind of vibra- 
tion on the two sides of an average state, to which they will 
constantly tend to return. Now it is very interesting to remark 
in this connexion, that the planets Mercury and Mars, which 
have much the largest eccentricities among the old planets, are 
those in which the masses are much the smallest. The mass of 
Jupiter is more than 2000 times that of either of these planets ; 
and if his orbit were as eccentric as that of Mercury, all the 
security for the stability of the system which Laplace has 
pointed out, would disappear. The earth and smaller planets 
might in that case change their nearly circular orbits into very 
long ellipses, and thus might fall into the sun, or fly off into 
remote space. ^ It is further remarkable that in. the newly disco- 
vered planets, of which the orbits are still more eccentric than 
that of Mercury, the masses are still smaller, so that the same 
provision holds good here also. There is no necessary conneadon 
between the principle of universal attraction, and the uniformity 
in the direction of the revolution of the planets round the sun ; 
nor has any reason been shown by the mathematician, why the 
smallest masses should have the greatest eccentricities, — a fact 
which is still more remarkable in regard to comets. The uni- 
form direction of the revolution, however, is fully accounted for 
by the theory which regards the whole solar system as having 
originated in a mass of nebulous matter gradually undergoing 
condensation into solid spheres, — a theory which has. the merit 
of accounting for numerous phenomena not otherwise to be ez-n 
plained, and of giving what is at least a probable solution of the 
great problem of the history of the universe (Chap. XXII). 
And it is probable that the connexion between the small siase of 
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the revolyiiigbody, and the eccentricity of its orbits may be shown 
to be but a result of the same principle. 

Unwermlity of the Ijkid of GravitoHan, 

586. Hitherto we have considered the operation of the grand 
principle of mutual attraction upon the bodies composing the 
solar system alone ; and the question now presents itself, -^whe- 
ther this principle is restricted to our own system, or extends 
throughout the universe. From what we know of the uniformity 
and simplicity of the Creator's operations, we might reasonably 
suppose that the same power, which binds together the parts of 
one system, should be employed to produce a corresponding effect 
in another. But however probable such an idea might seem, it 
could not be regarded as a law of nature, unless confirmed by 
the observation of facts. Such confirmation has been, derived 
firom a most remarkable and unexpected source. The vast dis- 
tance of even the nearest of the fixed stars, prevents them, in 
spite of the enormous size which we may attribute to them, from 
exercising any perceptible attractive force on the bodies com- 
posing the solar system ; for though the existence of such an 
attraction has been suspected in regard to certain comets, whose 
orbits seem to extend to an almost incalculable distance from the 
sun, it has never been proved. Again, although we are almost 
unquestionably entitled to regard each of the fixed stars as hold- 
ing the same rank with our sun, and therefore to suppose, with- 
out improbability, that every one of those luminaries has its own 
system of planets and satellites in revolution around it; we 
must remember that this is only a speculation, and that it affords 
no real confirmation to the doctrine of universal attraction. 

587. But the observations of astronomers have recently 
shown that, in many instances, these suns revolve around each 
other, or rather around their common centre of gravity, in 
systems of two, three, or even more (§. 526-532) ; and that 
their revolutions are evidently governed by the same laws as 
those which govern the movements of the bodies composing the 
solar system ; — a magnificent generalization, which leads us to 
regard our own comparatively insignificant group, vast as it 
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«ppeM« to as^ as pieBeftting, within its own nairow space, 
an example, in a form adapted to otir compreheosion, of the 
mode in which the Creator is operating, in " worlds beyond 
worlds^ and system beyond system,^^ through that vast universe, 
whose extent impresses us with the highest ooncepiion of infinity 
of whidi oar finite minds are capable. 

588. Well has it been said by the illiistrions philosopher, to 
whom we owe the confirmation and «xteiiBion of this idea, which 
was first suggested by his no hss iUttstrkms father, that ^' there 
is something in the coatomplatioa of general laws, iddch powers 
fuUy persuades ns to nerge individual fedotg, and to oommit 
ourselves nweserv^ly to tiieir ^iaposal ; while the cifaserfatioii 
of the calm, energetic legidaarity of Nature, tlie immense scale of 
her opeFB^ons, and the certainty with which her ends are 
attained, tends, irresistibly, to tranqmiliBe and g onas s mo the 
mind, and render it less aoceBsiys to repining, srifiA, and tar- 
bulent emotions. And this it does, not hj debasif^ our natme 
into weak compliances and ahjeet sabmiasion to ckcunntaiiees, 
but by filling us, as from an inward spring, with a sense of 
nobleness and power which enables us to rise superior to timn ; 
by showng ns onr strengtii and innate dignity, and by calling 
upon us for the exercise of Aose powers and Acuities, by vi^ich 
we are snsoeptible of the ooiiiprehettskm of so much greatness, 
SAd which form, aa it were, a link between ourselves uid the 
best and noblest benefootors of our species, with whom we hold 
«onmnsion in thoughts, and participate in discoveries, which 
have raised them above their fellow-mortals, and brought them 
neam to their Creator.^ * 

* Sir J. Henchel's Discourses op the Study of Natural Philosophy, p. 16. 



CHAPTER XVm. 

GENERAL ACCOUNT OF THE SUN, PLANETS, AND THEIR 

. SATELLITES. 

589. Having now oonaidered the general laws regolatiag the 
moTements of the bodies composing the 8olar system, and the 
manner in which those moyements are seen by the inhabitaiMis 
of the earth, we are prepared to inquire in more detail, into the 
actual forms, dimensions, distances, rates of moyement, and phy- 
sical peculiarities of these bodies iitdividnaUy : and the Sun, as 
by far the lai^st, as well as the centre of the whole system, 
naturally dainn our attention first. 

Tke Sun. 

590. The Son is not only many times larger than any one of 
the bodies which revolve around him, but exceeds by muxy 
thousand times the united bulk of them all. By the ancients, 
he was very naturally supposed to be a great globe of fire ; but 
this opinion has been greatly modified by the discoveries and 
speculations of modem science. His stupendous bulk may be 
judged of from his apparent size, when his distance is known to 
us. There is not much difference between the apparent diame- 
ters of the Sun and Moon ; but whilst the latter is at a distance 
of only 237)000 miles from the Earth, the latter is 95 millions 
of miles o% and in order to appear of the same size must have 
more than 400 times the real dimensions. The actual diametw 
of the Sun is about 882,000 miles; it is therefore about 111^ 
times that of the Earth ; and, as the bulks of spheres are to each 
other as the cubes of their diameters, the whole mass of the Sun 
is to that of the Earth as 1,384,472 to 1. The weights of the 
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two globes, however, (supposing it were possible to compare 
them) do not bear the same proportion ; for the density of the 
San is much less than that of the Earth, — ^that is, any giTen 
bulk of his substance would weigh much less than the same' 
bulk of the Earth's substance. It would be, in fact, very little 
more than one-fourth ; so that, as the Earth weighs about 5y 
times as much as an equal mass of water (§. 101), the Sun would 
not weigh half as much more than his own bulk of that liquid. 
His weight is calculated to surpass that of the Earth, by 354,936 
times ; and his attraction for bodies on his surface will be pro- 
portionably great 

591* When the Sun is viewed with a telescope, throngh the 
medium of a darkened glass, which prevents the glare of light 
and the concentrated heat from being injurious to the eyes, his 
surface is seen to exhibit large opaque spots, which slowly change 
their places and forms. Many of them retain their forms, how- 
ever, long enough to be recognised as the same after a consider- 
able interval ; imd by these it has been ascertained, that the Son 
revolves on his axis in 25 days. A part of the apparent change 
in form which these spots present, is due to the altered directions 
in which we view them. Thus, a spot which has a circular form, 
when we see it in the middle of the Sun's disc, and consequently 
look directly at it, will gradually become narrower and narrower, 
as it is made to approach the edge by the Sun's rotation, in con- 
sequence of our seeing it more and more in an oblique direction; 
until, at last, it disappears altogether. But the actual size and 
form of the spots is continually changing ; old ones are gradually 
becoming smaller, as if they were cavities in process of being filled 
up ; whilst new ones are making their appearance. Sometimes 
a single spot breaks into two or more. Their size is frequently 
enormous ; so that they have been seen without the assistance of 
a telescope. There is a record of one whose diameter was a 
twentieth part of that of the Sun, or nearly 45,000 miles. The 
whole duration of such appearances is seldom more than six 
weeks ; hence we must suppose the walls of such a space as that 
just mentioned to approach at the rate of 1000 miles a day. 
Even the part of the Sunn's disk which is not occupied by spots, 
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is finely mottled with an appearance of minute dark points ; and 
these also are found to be continually changing their state. In 
the neighbourhood of the large spots, again, the surface is often 
obseryed to be traversed by luminous streaks, curved and 
branching, amongst which spots frequently break out. 

592. Several explanations respecting the nature of these 
spots have been proposed at different times. For a long period 
they were regarded as heaps of ashes or cinders, the refuse of 
the burnt fuel which had sustained the mighty solar conflagra- 
tion. The continual changes in their appearance, however, and 
the great rapidity of these changes, seem to indicate that they 
are occasioned by the movements of fluid rather than of solid 
matter, and of matter in a gaseous state, rather than in a liquid 
form. There appears, therefore, considerable probability in the 
supposition, that the luminosity of the sun is due, not to the 
intense heat of his entire mass, but to a luminous atmosphere 
enveloping his globe, and occasionally permitting its surface to be 
discerned through gaps or rents occasioned by fluctuations in 
this medium. This luminous atmosphere is supposed by Sir W. 
Herschel, to rest upon another more like our own ; on the top of 
which floats a layer of clouds. These clouds will reflect to us a 
considerable portion of the light of the luminous atmosphere 
above them; and by this reflection they will produce the 
penumhroj or shaded border, which the spots generally present. 
The luminous atmosphere appears to be in a state of constant 
commotion; and the causes which produce this disturbance 
probably originate in changes in the solid globe itself. When 
accumulated into waves, it will constitute the bright spots and 
ridges; and it is remarkable that one of these ridges always 
surrounds a spot, as if the luminous atmosphere were heaped up 
there, in consequence of some explosive force below which has 
made a rent or passage through it. Of the nature of this 
luminous atmosphere, we can at present only speculate ; but it 
may be imagined to be, in a partially condensed form, that from 
which all matter originated, and which, until condensed into the 
liquid or solid state, retains its self-luminous properties. 
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Mercury. 

593. Hereury is the smallest of all the primuy pluiett, at 
well as tiw neaicst to the sun; apd from lAiese two cireiiB- 
stances, we know less of his constttadon than we ^ in regtrd 
to most of the others. Owing to his orbit heing fiir within that 
of the earth, we neyer see him at any oonsidenible distance from 
the ssB (§• 550) ; so that lie is almost always lost in the snperior 
hriliiaaey of that luminary. When at the period of his greatest 
elongation eastwank, he is an eyeningatar, wllich is distingnish- 
able a short time after sunset, as a small but veiy brilliant disc 
In the conise of a few weeks, however, it changes its place so as 
to remain constantly near the sun ; and in a short time after- 
wards it attains its gveateet elongation westwards, so as to rise 
before the son in the morning, when it is visible for a short 
time, until lost in the brightness of the opening day. Little 
more can be discovered with the telescope respecting the appear- 
ance of Mercury, than that is rounds and exhibits phases during 
its revolution round the sun. It is very seldom that any spots 
can be discerned on its surface ; and these are not permanent, 
like those of the moon, but rather resemble those of the sun, or 
the belts of Jupiter, in their changeable character. From 
observation of these, and of a peculiar projection which is seen 
at one end of the crescent when the planet is homed, it has 
been concluded that Mercury rotates around his axis in about 
24^ 5m, Y\aa igds appears considerably inclined to the plane of 
the orbit ; so that there is probably a still greater variety of 
seasons in Mercury, than in our earth. 

594. The mean distance of Mercury from the sun is a little 
more than 37 million miles ; but his orbit is more elliptical (or 
oval) than that of most of the other planets ; and its eccentricity 
(or the distance between tiie centre and the focus of the ellipse, 
§. 565) amounts to as much as one-fifth of the mean distance. 
Through tins orbit he moves in somewhat less than 88 days, 
with a velodty of 110,000 miles an hour. This extrawdinary 
rate of motion is necessary, to prevent the planet from being 
drawn towards the sun, into which he would fall, by the power- 
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fill attraction of that enormous mass, which (in consequence of 
the dimini^ed distance) is far stronger than that whidi acts 
upon the earth. The transit of Mercury, or his passage across 
the sun's disc, when he is in conjunetion with the earth, has 
been already noticed (§• 561) ; the iq>peanMice tiien presented 
by him, which is ^at of a minute black spot, mfficiently 
proves that he shines entirely by the light reflected from 
the central luminary. That light has been calculated to be 
seren times more intense than the proportion which we receive ; 
and the h^^t which Mercury derives from ihe sun must exceed, 
in a corresponding degree, that which the earth obtains from the 
same source. Hence, if Mercury be peopled with living beings, 
its inliabitaats must be very differently constituted from those oC 
our globe. The detisity of Mercury is about 2| that of the 
eaxih ; or about 15| times that of water (§. 101) ; henoe his 
weigfai is greater than that of a globe of quicksilver, of the 
same sise. But as his diameter is only about 3136 miles, and 
his bidk only 6-lOOths that of the earth, the quantity of matter 
he contuns is little more than one-sixth that of our gbbe. 

Venus. 
595, Venus is the most beautiful of all the planets ; and it 
was doubtless from this circumstance that she received from the 
ancients the name of the Goddess of Beauty. Her diameter is 
much greater than that of Mercury, being about 7800 miles, or 
neaxiy that of the earth; and as she receives a considerable 
proportion of light from the sun, she is seen by us as not only a 
lai^ but a brilliant star. Her apparent size differs considerably, 
according to the part of her orbit in which she is. It is remark- 
able, however, that although her disc is so large, when seen 
through the telescope, it cannot be made out so definitely as that 
of tlie more distant planets. The intense lustre of its illimiinated 
part dazdes the sight, and exaggerates every imperfection of the 
telescope. Like Mercury, it exhibits no permanent spots, and 
rarely any even of a transient nature ; hence it may be surmised 
(from the probaible nature of the belts and spots of Jupiter and 
Saturn, §. 616), that we do not see the real surface of these 
planets, but an atmosphere loaded with clouds, capable of reflect- 
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ing a large portion of the light that falls upon it, and serving 
perhaps to mitigate the otherwise intense glare of their sunshine, 
changing it into a bright diffused light, resembling that produced 
hj a ground glass globe over the flame of a solar lamp. Certain 
irregularities can be seen^ however, upon her edge, which show 
that mountains exist upon her surface ; and hy the return of 
these, her period of rotation on her axis is known to be 23^ bonis. 
596. The distance of Venus from the sun is about 70 mil- 
lions of miles ; and her revolution is performed in about 224^ 
days. Her orbit is inclined about 3^ degrees to the ecliptic, and 
it is very nearly circular. As the whole of her orbit is within 
that of the earth, she is never seen by us on the side of the 
heavens opposite to that of the sun ; but she is not restricted to 
a range of distance from him so narrow as that of Mercury. She 
is called a morning or evening star, according as she rises before 
the sun, or sets after him. Some days after she has passed be- 
tween the earth and the sun^ (at which time her illuminated side 
is turned entirely away from us,) she is seen in the morning at s 
little distance from him on the west. Her light is then hmt ; 
and her form at that time is easily made out with a telescope to 
be that of a crescent, the concave edge of which is turned to- 
wards the sun. She continues to move westwards, increasing 
her distance from the sun, and at the same time becomiDg 
brighter and brighter, in consequence of presenting to us more 
and more of her illuminated face. At last she arrives at her 
point of greatest elongation, where she seems to remain sta- 
tionary for a time ; by which period, her crescent has enlarged 
to a semicircle. She then commences to move towards the east ; 
and her motion is gradually accelerated, until she comes into 
the same line with the sun. During this time, we see more and 
more of her illuminated face, but her brightness diminishes, as 
she approaches the sun ; and when she comes into conjunction 
with him, we lose sight of her altogether in the blaze of his 
light, even if she be a little above or below him, and be not 
hidden behind him. She then continues her motion towards the 
east, and becomes visible for a short time after sunset ; her disc 
is then quite round, but apparently very small, in consequence of 
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her increased distance in this part of her orbit. As she con- 
tinues her course eastward, she increases her distance from the 
sun, and is consequently seen for a longer time after his setting ; 
at the same time she becomes larger and more brilliant ; but her 
disc is gradually narrowed, so that, at the time of her greatest 
elongation, her form is again that of a semicircle. Lastly, as 
she enters upon that part of her orbit which passes between the 
earth and the sun, she again takes a westerly direction, and ap- 
proaches him, until she comes into conjunction with him ; dur- 
ing this period, her illuminated face is being withdrawn from us, 
and the semicircle is gradually narrowed to a crescent,. which 
diminishes until we lose it altogether. When Yenus crosses the 
sun's disc, she can be distinctly seen with the naked eye, as a 
well-defined dark spot. These transits are very rare ; and they 
are of the highest importance to astronomers, as affording the 
best means of measuring the distance of the sun from the earth ; 
on which measurement the calculation of all the other distances 
is based (§. 513). 

597. Although almost as large as the earth, Yenus moves 
with greater rapidity, in order to compensate for the more 
powerful attraction of the sun. Her rate of movement is about 
80,000 miles per hour, or 23 miles per second ; — a velocity of 
which we can scarcely form a distinct idea. The axis round which 
Yenus revolves, is inclined 75 degrees towards her orbit, so that 
the poles are, in fact, but little elevated above it. As these 
poles are always directed towards the same part of the heavens, 
they are alternately pointed towards the sun, and turned away from 
him (§. 661 ). Owing to the very great inclination of the axis, the 
sun will be shining directly, during one part of the annual revolu- 
tion, upon a circle only 15 degrees from the north pole ; and in the 
opposite part of the orbit, upon a circle only 15 degrees from the 
south pole. These circles will correspond to our tropics; and 
when the sun is shining upon them, the equatorial regions will 
receive so little of his rays, that a winter almost as severe as 
that of our arctic zone will reign there. The sun crosses the 
equator twice in every annual revolution; and at each time 
it will bring with it the hottest summer. Hence, as there 
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18 winter at the Equator, whether the sun is shiBing ob the 
northern or the southem pole, all the portion of the gMe 
that is moderately distant firom it, will experience the greatest 
heat of a vertical son, as well as the almost ocunplete with- 
drawal of tiiat source of light and warmth, twice in etery annual 
revolution of the planet ; whilst not onlj at the poles ttiemselTes 
(as in the earth), hut within a circle of considerable extent 
around them, will the son continue above the horizon, or on the 
other hand, remain completelj invisible, during altefnate periods^ 
each occupyioBg half her revolution in her orbit* 

598. Numerous attempts have been made to ascertain whe- 
ther Mercury and Yenus are attended by satellites ; but none 
have been discovered, nor is it probable that they poesess any. 

TMu8. 

599. It seems desirable to introduce here, for the sake ol 
eomparisoB with the other planets, the chief particulars of the 
Earth's physical condition, its diurnal and annual movements, 
and its relations to other members of the solar system. We 
may form an idea of the appearance which the earth would pro- 
bably exhibit, when seen finom the distance of 40 or 50 millions 
of miles, from that which Yenus presents to us when at the time 
of her greatest brilliancy. The light of Tellns to Yenus will be 
feinter than that which Yenus reflects upon us ; but, on the 
other hand, the disc of our plknet is larger, and will be seen at 
the full when the two are at th^ nearest point, on the same mde 
of the sun. At this period, their distance will not be more than 
about 25 millions of miles, — the mean distance of the earth from 
the sun being 95, and that of Yenus 70 millions. When, however, 
the two planets are on opposite sides of the sun, their distance 
will be increased to 165 millionsof miles ; hence the apparent aoe 
of Tellns, as seen from Yenus, will be more than 6^ times as great 
in the second case as in the firsts It is when she is on the other 
ride of the sun, that the illuminated side of Yenus is most 
fully tamed towards us; and it is, therefore, wb^i she is ap- 
proaching that state, but before her light is rendered faint by 
being ovexpowered by that of the sun, that her beauty is the 
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greatest. On the other hand, as the orbit of Tellns is entirely be- 
yond that of Yenns, a part at least of tho illaminated disc c^ the 
fonncr will be turned towards the inhabitants of the latter, in 
every portion of its orbit; and the whole disc will be so ai 
boih the periods just mentioned. At the former epoch, as 
Venus is then between the earth and the sun, Tellus wiU be seen 
as a laorge and brilliant star, almost resembling a small moon, 
rising just as the sun sets, and giving light during the whole 
night. At the latter period, however, her light will be lost to 
the inhabitants of Venus, as that of Venus is to us, in conse- 
sequence of her being then seen in the same direction with the 
sun. 

600. The difference of the polar and equatorial diameters of 
the earth is quite sufficient to cause her disc to appear flattened 
at the poles, though by no means in the same degree with 
Jupiter. The polar diameter, according to the latest calcula- 
tions^ is 7900 miles; and the equatorial 7926 miles; the differ- 
ence, therefore, 26 miles, is about l-300th part of the whole 
diameter. The inequalities upon the earth's sur&ce must be 
considerable enough to give an irregular edge to its disc, like 
thai which Venus presents to us ; and from these its rotation 
round its axis might be determined. This rotation is neally oom- 
pleted in 23 h. 56 min. ; the additional four nrinutes being re- 
quired, as already explained^ to bring any point to the same 
position in regard to the sun. The axis of rotation is inclined 
about 23^ degrees to the ecliptic or pHane of the orbit ; and from 
this results that variety in the seasons, to which the constitution 
of the living inhabitants that people the various parts of this 
globe, is so beautifully adapted. The annual revolution of Tellus 
round the sun is completed in 365^ days; and her rate of move- 
ment is about 68,000 miles per hour. The eccentricity of her 
orbit is about 16 parts in 1000 ; but this makes a difference in 
her greatest and least distance from the sun, of neariy three mil- 
lion miles. The density of the earth is about 5^ that of water ; 
so that its whole mass would weigh about the same with a globe 
of arsenic (the lightest of the ordinary metals) of equal bulk. 

601. The planet Tellus is attended by one satellite, the 
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Moon. Her large appajrent size is entirely dae to her proximity 
to us ; for she is smaller than any of the heayenly hodies we 
have yet considered. Her real diameter is ahout 2160 miles; 
and her hulk only ahout l-49th that of the earth. Her 
density is so much less, that her actual weight is prohahly no 
more than l-77th that of the earth. The mean distance of the 
moon from the earth is ahout 237^000 miles ; which distance, 
vast as it is, is hut little more than one*fourth of the diameter of 
the sun's body ; so that, supposing the sun to occupy the place 
of the earthy his surface would be twice as far from his centre, 
as the orbit of the moon is distant from the centre of the earth. 
The orbit of the moon is much more elliptical than that of the 
earth, the eccentricity amounting to departs in 100; ao that 
she is 26,000 miles nearer to him at one time than at another, — 
a difference which produces the contrast between a ioUd and an 
annular eclipse (§. 677)« The orbit of the Moon is inclined 
somewhat more than five degrees to that of the earth ; and from 
this inclination it happens, that the sun is not eclipsed by the 
passage of the Moon between his disc and the earth, at every 
conjunction ; and that the Moon is not eclipsed by pasmng into 
the earth^s shadow at every opposition. « During her revolutions 
round the earth, one of which is completed every 2d^ dajrs, she 
exhibits to us a series of jvAofw, produced by the varying degree, 
in which the side of her globe that is illuminated by the sun, is 
turned towards us. Very nearly .the same part of her globe is 
always presented to the earth ; but each part is successively 
turned towards the sun during one of her revolutions. This is 
in consequence of her turning once round upon her own axis, 
during each of her monthly revolutions round the earth (§. 674). 
The same thing is true of all the satellites of Jupiter; and pro- 
bably of those of Saturn and Uranus also. 

602. This will occasion a very curious effect, as to the ap- 
pearance of the primary to the inhabitants (if there be any) of 
its satellites. Thus the Earth will be seen, by the residents in 
our Moon, as a luminary of enormous size, immoveably fixed in 
the sky, presenting a different aspect in each part of its diurnal 
rotation, and exhibiting a series of monthly phases correspond- 
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ing with those which the moon presents to us, but occurring at 
different times. Thus, when the Moon is at full to us, the dark 
side of the earth is presented to her ; whilst, at our new moon, 
her inhabitants will see the whole illuminated face of the earth ; 
and, when she passes between the sun and the earth, in such a 
manner as to produce a solar eclipse, her inhabitants yhU see her 
shadow traversing the earth's disc. From one entire half of the 
moon, the earth will never be visible. Our disc will probably 
appear covered with variable spots, resulting from the cloudiness 
of our atmosphere ; and these will be arranged, in the equatorial 
regions, into zones or belts^ by the action of the trade-winds. 

^03. In consequence of the mutual attraction of the earth 
and moon, they would faU towards each other, if each were in- 
fluenced by no other force. The proportional rate at which each 
would move, and the point at which they would meet, is deter- 
mined by the proportion between their masses. Their attraction 
for one another will be proportional to their respective weights 
(§. 89) ; that is, as the weight of the earth is 77 times that of 
the moon, the attraction of the Earth for the moon will be 77 
times that of the Moon for the earth. Consequently the moon 
will move 77 times as fast as the earth ; and if the whole space 
were divided into 7B parts, the Moon would move through 77 
of these parts, whilst the Earth moves through only one ; and the 
spot where they would meet (provided the whole mass of each 
could be compressed into one point) which is their common 
centre of gravity (§. 119), is at a distance of l-78th the whdle 
length, from the centre of the earth, and therefore actually 
beaeath its present surface. 

Mars. 
€04. This planet is the first of those, which, as their orbits 
include that of the earth, are termed the supericHT planets. It is 
at once distinguished by its dark red hue ; and it was from the 
resemblance of this to blood, that the ancients gave the name of 
the God of War to this planet. When seen through a telescope, 
Mars exhibits a rounded disc ; and as this does not present any 
well-marked indentations or projections, it is probable that there. 

K K 
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em no iotty mountains upon his anrfoca. But very distinct and 
OonBtant pecnliaritiee of hue are seen in difil^at parte of bis 
disB ; and the ontlines of these are so strong, that they may be 
well supposed to be the 
boundaries of continents 
and seas. The accompany- 
ing figure represents the 
appearance of Mars, as seen 
through Sir J. Heracfael's 
SO-feet rejecting telescope. 
The supposed contiDents 
are distinguished by reflect- 
! ing the red and fiery hue 
which characterizes the 
tight of this planet; and 
this is supposed by Sir J. 
Herscbel tO be owing to a reddish tinge in the soil, which 
may resemble that of the oohreons and red sandstone districts 
on the surface of our own planet. Contrasted with this 
(according to the law of complementary colours, which will he 
expluned in the Tolume on Optics), the supposed seas appear 
g^enish. The red hue of Mars is commonly explained by sup- 
posing that' he is snrrounded by a densS' and exteosiTe atmospbeie^ 
which may produce the same efieet on his light, as a wint^sfc^ 
gives to the light of our morning sun ; hut for the existence of 
sOefa an atmosphere, there are, in the oinnion of Sir J. Heredid, 
no nfiSdent or even plaurible arguments. It has been remarked 
that these peculiar appearances on the snrhce of Mara are not 
alvrays seen with eqnal distinctness ; although, when well seen, 
they have alnays precisely the salne aspect. Hence it may be 
surmised, that the planet is not entirely destitute of atmosphere 
and clouds; and this idea is strengthened by the appearance of 
brilliant white spots at the poles, which have been supposed, 
with much probability, to be snow, since they disappear when 
they have been long ezposed'to the sun, and are most strongly 
marked when they have just emerged from the long night of a 
polar winter. 
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605. The apparent diameter of Mars varies, of course, with 
his distance from us ; which is more than four times as great 
when he is in opposition, as when he is in conjunction. His 
real diameter is about 4100 miles, or rather more than half that 
of the earth; and his volume will therefore be about l-7th. 
His dennty is rather less than that of the earth; and the actual 
weight of his globe will therefore be somewhat' less than 
l-8th that of ours. By continued observation of the spots 
upon his disc, it has been found that Mars turns upon an axis 
inclined about 32 degrees to the plane of his orbit ; and that 
this diurnal rotation is accomplished in about 24^ hours. 
From the inclined position of his axis, there will be greater 
variety of seasons on the surface of Mars, than on that of 
our own globe. The polar winters will be longer and more 
severe ; whilst the summers will be hotter, — ^the poles being then 
turned more directly towards the sun. In consequence of his 
increased distance from the Sun, however, the whole proportion 
of light and heat received by him frt)m that source is much less 
than that which we enjoy ; that of Mars being only 43-100th8 
of ours. The orbit of Mars is viBry elliptical ; his mean distance 
from the sun is 146 millions of miles ; but his excentricity 
amonnt&r to nearly one-tenth of this. Consequently there is a 
great variation in the rapidity of his motion, in different parts 
of his orbit ; and it was from the study of this variation that 
Kepler was led to the discovery of the important law regulating 
the motions of the planets in their elliptical orbits. The annual 
revolution of Mars round the sun ocoiapies nearly 687 days, or 
nearly double our year. Since his orbit is entirely beyond that 
of our planet, his place in the heavens is much more variable 
than that of the two inferior planets, which are never seen at 
any great distance from the sun; for though he Sometimes 
appears near the sun, he is often quite in the opposite part of the 
heavens, setting when the sun rises, and rising when he sets. 
According to his position in his orbit, a larger or smaller pro- 
portion of his disc will be seen ; but he will never be totally 
obscured, nor will he present the crescentic appearance which 
we see in Yenus and Mercury. To the inhabitants of Mars, the 

K K 2 
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earth will present appearances very closely corresponding to those 
which Venns ezhihiis to ns ; our light, however, will be less 
brilliant, and our disc (in consequence of the great interval 
between the orbits of the earth and Mars) will be smaller.* 

Veita^ JunOy Ceres^ and Pallas. 
606. Until the commencement of the present century, no 
planet was known to exist between Mars and Jupiter. The 
existence of such a planet, however, was suspected by Astro- 
nomers ; chiefly because the interval is much greater than that 
which might be anticipated in that part of the solar system, if 
the same proportion holds good throughout, as exists in the case 
of the nearer and remoter planets. This proportion (first pointed 
out by the late Professor Bode of Berlin) is a very simple one; 
it is, that the interval between each orbit t and the next goes on 
doubling, as we pass from the centre to the circumference of the 
fsystem. Thus the interval between the orbita of Mercury and 
Yenus is about half of that between the orbits of Venus and the 
Earth ; this interval, again is about half of that between the 
orbits of the Earth and Mars. Now the space between the orbit 
of Mars and that of Jupiter greatly exceeds this proportion ; so 
greatly, in fact, that if we were to suppose the existence of a 
planet, between whose orbit and that of Mara there should be an 
interval equal to twice that between the orbits of Mars and the 
Earth, an interval would remain between it$ orbit and that of 
Jupiter in which the same proportion would be followed ; and 
this proportion would then extend itself regularly to the orbits of 
Saturn and Uranus. No reason for this proportion can be given 
from theory ; and it is not as strictly accurate as the laws dis- 
covered by Kepler : but there was enough probability in the 
idea, to fix the attention of Astronomers; and they were 
rewarded by discovering, not one only, hut four planets, moving 
in orbits which correspond pretty closely with the expected situ- 
ation ; the small size of which had been the cause of their having 
previously escaped notice. 

* No Satellite has yet been seen to attend this planet. 

t By thia it meant, not the distanoe of the planet, tmt the $p(ue or ana 
between the orbiti. 
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607. When these four small plandts, commonly known as 
the Aiteroids, were first discovered, it was conjectured that they 
were the fragments of some greater planet, which formerly 
reTolved in the orbit where it was expected, and which was 
blown to pieces by some internal explosive force, or shattered 
by collision with a comet. **' This/^ says Sir J. Herschel, '^ may 
serve as a specimen of the dreams in which astronomers, like 
other speculators, occasionally and harmlessly indulge." If we 
speculate at all on the subject, we shall probably find a much better 
explanation, in the general theory of the formation of the solar 
system, which will be given in the last chapter. Their minute 
size has prevented many circumstances of their condition from 
being ascertained. They agree, however, in' these; — that their 
mean distances from the Sun, and their period of revolution 
around him, are not very dissimilar; and that, although the 
formg of their orbits are very difierent, so that they cross each 
other, there is one point through which they all pass. 

608. Festa is the nearest to the sun, and has the shortest 
period. She was, however, the last discovered, having remained 
unknown till 1807, when she was first seen and recognised as a 
planet, by a pupil of Olbers of Bremen^ — ^the discoverer of Pallas. 
Of her dimensions, nothing can be certainly stated ; for, when 
observed by Heischel, with a telescope of great magmfying 
power, she did not present the appearance of a disc, but only 
that of a brilliant point. Consequently we know nothing as to 
her rotation on an axis, nor the inclination of that axis. Her 
mean distance from the sun is about 225 millions of miles. Her 
orbit seems to have about the same degree of excentricity as that 
of Mars ; but it appears to be very irregular, probably in con- 
sequence of the perturbations produced by the attracting influence 
of the larger planets upon her small mass. Her orbit is inclined 
to the ecliptic rather more than 7 degrees ; and her period of 
revolution round the sun is 1325|. days, or about 3^ years. In 
regard to her distance firom the Sun, and her period of revolu- 
tion, she departs more from the general average than does 
either of the three other asteroidsr 

609. Juno was discovered by Harding of Lilientbal in 1803. 
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Her diameter has been estimated at 1320 miles ; but the tratii of 
this estimate is very uncertain. Her mean distance firom the 
sun is about 256 millions of miles ; but the Bzcentricity of her 
orbit is enormous, amounting to more than one^ourth of her 
mean distance ; consequently her orbit is very ellipticai, and her 
distance firom the sun is far greater at some times than at others. 
Her orbit is also remlurkable for its great inclination to that of 
the 6arth^s ; the angle between them being 13 degrees, or nearly 
twice as great as that of the orbit of Mercury. Her period of 
Tevolution round the sun is 1592^ days,' or about 4f years. 

610. CereB was the first discovered of the asteroids ; haying 
been observed, by Piazad of Naples^ in 1801. Her appearance 
is that of a nebulous star, surrounded by variable mists ; which 
induced Hersohel to suppose this planet possessed of an atmo- 
sphere. This, together with her small size, produces a great 
uncertainty respecting her real diameter; which has been esti- 
mated by Schroeter at 1320 miles, and by Herschel at no more 
than 140. Her mean distance from the sun is about 264 millions 
of miles ; and the ezoentiicity of her orbit is rather less than 
that of Vesta. Its inclination to the ecliptic is about 10^ 
degrees. Her period of revolution is 1681J. days^ or about 
4|^ years. 

611. PaUa$, like Ceres, presents a very indistinct appear- 
ance, when viewed with a v^ry powerful instrument ; and her 
real diameter is equally uncertain. By Schroeter it has been 
stated at 1950 miles; whilst Herschel estimated it at no more 
than 140. The mean distance of Pallas from the sun is about 
267 millions of miles ; but her orbit is extremely elliptical, its 
exoentricity being nearly the same with that of Juno. Its 
inclination to the ecliptic is &r greater than that of any other 
planet ; being 30^ degrees. Her period of revolution is I686| 
days, or about 4|: years. 

612. It is remarkable that, of two out of these four asteroids, 
the orbits should be so extremely elliptical; whilst those of the 
other two are but moderately so. Each of the eUiptical orbits 
crosses all the rest. There is in many other respects a corres* 
pondence between Vesta and Geres on the one hand, and Jnno 
and Pallas on the other. 
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Jupiter. 

613. Jupiter is. by far the largest of the planets; and, next 
to Venus, is the most briUiant. It is owing to his great dis- 
tance from us and from the sun, that his appearance is not more 
striking. Were he at the distance of Venus, his apparent 
diamotor would be 12 times as great as hers ; and (since the 
surfaces or areas of circles are as the squares of their diameters) 
the quantity of light that his disc would reflect to us from the 
sun would be 144 times that which we receive from Venus. 
His real diameter is estimated at something less than 87»O0O 
miles ; but there is a considerable difference between the polar 
and equatorial diameters, which is even discoverable by the eye 
(when assisted by the telescope) without any instrument of 
measurement. This results from a flattening of the poles, to 
the extent of about l-15th of the whole diameter ; so that his 
form bears a strong resemblance to that of an orange. Here, 
then, we observe the influence of centrifugal force, carried to a 
much greater extent than we can trace in the form of the Earth ; 
and we should consequently expect to find that the rotation of 
the planet upon his axis is much ^lQre rppid. This is actually 
the case ; for the whole (^ Ixls impoense mass tuq:is round once 
in a little less than ten hours. The axis round which be turns 
is nearly perpendicular to the plane of his orbit ; consequently 
the sun always shines neady .upon his equator ; and there Mm be 
but little variation in the se^^ons, nor in the length of the days 
and nights in different partis of his globe, and at different peciod^ 
of his year. Moreover, i^he proportion of light and heat which 
he receives from the sun, jis pnly about l-27th part of that 
which comes to us. Hence nfre itaust believe that, if this plsuiet 
is peopled with animated bcangs, their conformation must be 
very different from that of tbe ji^hafoit^ts of ijl^is ^lobe. 

614. The bulk of this planet is about 1300 times that of our 
earth ; but his weight (supposing we could compare them in a 
balance) would not be found nearly as great. For it has been 
ascertained that his density is only about a quarter that of the 
Earth, being nearly the same with that of the Sun ; hence if the 



average density of the earth be eetimated at fly that of water 
(§. 101), the density of Jupiter will be leas than 1^, or about 
the same aa that of coal, which ia one of the lightest of minerals. 
Jf be could be weighed against the earth, therefore, he would. be 
found to be not more than 325 timee as heavy, notwithstanding 
the enotmoitB disproportion of hia bulk. 

615. Hie revolution of Jupiter round the eun occupies 
4332^ of our days, or nearly 12 years; oonseqnently daring a 
whole revolution of the earth, Jupiter has only moved through 
oue-tvrelfth port of his orbit ; thus changing his place in regard 
to the sun to the same d^ee only that the earth does in a 
month. Now as Jupiter's rotation on his axis is accomplished 
in less than 10 hours, the number of days und nights which 
his inhabitants vrill witness during one of his years will be 
(4332^ X 24-i-lO] about 10^98. His mean distance from the 
sun is about 493 millions of miles. The excentricity of bis orbit 
is about 48 parts in 1000, or three times that of the earth ; and 
its inclination to the ecliptic is very small, being only 1° 18' 52". 

616. When Jupiter is examined with a good telescope, bis 
BurEooe is seen to be crossed by a number of sones ot bands, of a 

browner huethan the rest 
of his disc; these are com- 
monly termed his belts. 
They ate by no means 
mifoim in their appear- 
ance ; sometimes there is 
only one seen ; sometimes 
as many as ei^t ; and 
they have been occaaon- 
ally, but rarely, seen to be 
broken np and distributed 
over the whole sur&ce 
of the planet. Branches 
running out from thorn, 
and dark spots, ore by no means uncommon ; and it is from the 
attentive obaervation of these, that the p^od of his rotation on 
his axis baa been determined. The belts are always pandlel to 
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the equator ; that is, they correspond exactly with the dilection 
of the movement of the surface ; and from this fact, when taken 
in connexion with the continual changes which they are under- 
going (new appearances being sometimes witnessed in an hour 
or two), it has been supposed, with considerable probability, 
that they are produced by changes in the atmosphere of the 
planet, determined by currents that resemble our trade-winds. 
These currents must be very much stronger than they are with 
us ; for each poidt on the equator of Jupiter has to move, during 
the rotation of that planet, through a circle 11 times greater 
than that through which any point on the earth's equator 
revolves ; and as the whole circle is completed in 6-12ths of the 
time, the actual velocity of movement is about 26 times as great. 
The brownish bands and spots are regarded as the body of the 
planet, and the luminous portions as clouds. 

617. Jupiter is attended by four moons or satellites, which 
are large and brilliant enough to be seen with a telescope of very 
moderate power. The discovery of these was, in fact, one of 
the first results of the invention of the telescope, at the com- 
mencement of the 17th century; and the existence of this 
miniature system was employed by Galileo as a strong aigument 
against the absurd notions, which were upheld by the authority 
of the church, as well as by the prejudices of men, respecting 
the motion of the sun round the earth. So bigoted were those 
whom he attempted to convince, that many of them even 
refused to look through his telescopes, affirming that the system 
which they were to reveal was an optical deception, or an inven- 
tion of the devil 1 Such are the absurdities to which some men 
will commit themselves, rather than give up a cherished pre- 
judice. 

618. The satellites of Jupiter are known, according to their 
distances from him, as the Ist, 2nd, 3rd, and 4th. They move 
in orbits which are nearly circular, and which are almost in the 
same plane with that of the planet; consequently, as this is 
but little inclined to that of the earth, we see their orbits edge- 
ways ; and instead of a circular movement, they present to us 
only a kind of vibration in straight lines, from one side of the 
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planet to the other. This would be easily made intelligible by a 
very simple experiment. Sappose that a lamp were placed at 
some distance firom us, and that a candle were made to move 
around it in a horizontal circle ; if we were not near enough to 
distinguish when the candle is nearer us, and when more distant, 
we should only see it apparently moving from one side of the 
lamp to the other. If four candles were made to move, in the 
same manner, through circles of different sizes, we should see 
corresponding appearances presented by all of them ; and that 
which roYolves in the largest circle would seem to move the 
farthest from the planet. When the moons pass in front of the 
planet, they can be distinctly seen upon his disc, on which they 
throw shadows that look like small ink-spots. And .when they 
pass behind him, they are themselves eclipsed in his shadow. 
As this shadow is thrown by the sun, and the line in whidi it is 
seen from the earth may be very different, the satellite may 
enter the shadow of Jupiter, long before it appears to us to 
approach its disc. 

619. These eclipses of Jupiter's satellites happen very fre- 
quently ; for neither of the first three can ever escape passmg 
into the shadow of the planet, each time that it traverses the 
part of its orbit most distant from the sun, on account of the 
great size of Jupiter, and the small inclination of their orbits. 
The fourth, having a more inclined orbit, and being at a greater 
distance, escapes being eclipsed during about a third part of 
Jupiter^s year. Moreover, the times of the revolution of the 
satellites are very brief. The first makes its whole circuit in 
about Id IS^h . the second in 3^ 13^^; the third in 7^ 3fh; 
and the fourth in 16^ Id^K The size of the first, second, and 
fourth, are nearly the same with that of our moon ; the first 
being rather smaller, and the others larger. The third is the 
largest, being a little larger than Mercury. By observation of 
their discs with a telescope of the greatest power, Herschel found 
that each satellite rotates on its ovm axis in precisely the same 
time that it occupies in revolving round its primary ; so that 
the same^face is always turned towards Jupitei^. Hence, there 
is a remarkable conformity in the nature of their movement, 
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with that of our Moon ; and the same result will happen, — ^that, 
whilst they constantly present the same face to Jupiter, all sides 
are presented successively to the Sun (§. 674). 

620. Again, supposing these sateUites to be the residence of 
living beings, the planet Jupiter would be seen by the inhabitants 
of those sides which are turned towards it, as an enormous but 
faintly illuminated moon, going through the same phases or 
changes of appearance, which our moon exhibits to us, and which 
fee present to her inhabitants. The distance of the first satellite 
from Jupiter is rather greater than that of the moon from the 
earth. Supposing it to be the same, the apparent size of Jupiter 
to an inhabitant of that satellite, would be as much greater than 
the apparent size of the moon to an inhabitant of the earth, as 
Jupiter's diameter exceeds that of the moon. This is in the pro- 
portion of about 4D to 1 ; and the whole surface of Jupiter (being 
as the square of the diameter) would be about 1600 times that of 
the moon as she appears to us. The quantity of light reflected by 
it would not, however, be proportionally great ; since any portion 
of Jupiter's surface, equal in size to that of the moon, will only 
receive and reflect l-25th part of the same solar light ; conse- 
quently the whole quantity reflected will be (1600-7-26) 64 times 
that which the moon affords to us. 

621. From the frequency of the eclipses of the satellites of 
Jupiter, and the length of time they last (being about 2^, 2|, 
3^, and 4^ hours, for the four satellites respectively) it may be 
expected that they are not often to be all four seen at once. It 
18 not uncommon for only two to be visible for a short time to- 
gether ; occasionally only one is seen ; and there is an observa- 
tion on record (probably the only one of the kind) that on the 
2nd of November, 1681, Jupiter was seen without any satellites. 
There is a curious relation between the movements of the first 
three satellites ; from which it happens that, when we know 
the situations of either of the two, we can fix that of the third ; 
and also that they cannot all be eclipsed together, — since, when 
either two are on one side of the planet, the third will be on the 
opposite. 

622. It was by the observation of the eclipses of Jupiter'i^ 
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satellites, that tbe fact "was first discovered (by Roem^, a 
Danish astronomer, in 1675) that light does not travel instan- 
taneoosly, but has a certain definite velocity. This was ascer- 
tained by comparing together a series of observations npon the 
eclipses, which had been collected daring successive years ; for it 
was then found that the eclipses which took place, when the 
Earth was between Jupiter and the Sun (and consequently at the 
nearest possible point to Jupiter), were observed about 8 minutes 
«ooner than the time when they might be expected by calculat- 
ing the average of the observations; and that, on the other 
hand, the eclipses that took place when the Earth and Jupiter 
were on. opposite sides of the Sun, were observed about 8 minutes 
later than the usual time. Hence it was inferred by Roemer, 
that the light of Jupiter requires 16 minutes to pass firom tbe 
nearest to the farthest point in the earth's orbit ; and as the 
distance of these two points is about 190 millions of miles, 
he estimated the velocity of the transmission of light at about 
1 ] I millions of miles per minute, or at about 192,000 miles per 
second. 

623. This idea, startling as it seems at first, has been com- 
pletely confirmed by the discovery of Bradley, respecting the 
aberration of light in the case of the Fixed Stars. By the 
term dberriOMn of liffkt, we understand a certain variation 
in the apparent places of the heavenly bodies, which is the 
combined result of the annual movement of the earth, and 
of the proffresnve (not immediate) transmission . of light. 
This variation was discovered by Bradley, when he was 
attempting to ascertain the parallax of the fixed stars. — If a 
person stands still in a shower of rain, of which the drops are 
descending vertically, they will fall upon the top of his head ; 
but if he run forwards, they will strike his face, in the same 
manner as if he were still, and they were driven towards bim 
by the wind. Heiice if he were carried forwards in such a 
manner as not to be conscious of his own motion, the striking of 
the drops upon his face would lead him to suppose, that the 
rain, whilst descending, was being brought by the wind from a 
point in advance of him, so that it does not come from the part 
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of the sky just above his head (as it would seem to do, if he 
were at rest), but from that towards which he is looking.^— This 
illustration will account for the aberration of light, better than a 
longer explanation. The rays of light proceeding from any 
star, do not reach the earth in an instant, but require a very 
appreciable time to travel thither (§. 515) ; and during the 
whole of this period, the earth is moving onwards in its annual 
revolution. If the earth remained at rest, all the heavenly bodies 
would appear in their true positions, since their rays would strike 
it in the direction in which they left it. But as the earth moves on- 
wards, the rays will fall on the face (as it were) of the observer ; 
and he will consequently see each star a little in advance of its 
true place. If the direction and rate of our movement were 
always the, same, we should always see the same difference be- 
tween the apparent and real places of the stars ; and we should 
thus be ignorant of its existence. But as we do in fact revolve 
in an orbit which is nearly circular, the stars appear to move in 
very small orbits, whose forms correspond with the perspective 
representation of our orbit to them. Those which are directly 
above the plane of our ecliptic, and which would see the earth 
(could they discern it) moving in a circular path, appear to de- 
scribe very small circles. Those stars, on the other hand, which 
are on or near the plane of the ecliptic, — from which, therefore, 
our orbit would be seen edgewa]^, and the earth vibrating back- 
wards and forwards along it,—- perform a similar backward and 
forward movement. And those which have an intermediate 
position, so that the earth's orbit would be seen from them as a 
long narrow ellipfse, perform similar long narrow ellipses. It is 
necessary, of course, to make allowance for this aberration, in aU 
accurate observations on the pomtion of the Btars. 

Saturn. 
624. Though the phinet Saturn has not the pre-eminence 
among the rest, which Jupiter possesses on account of his enor- 
mous size, it is distinguished by a beautiful appendage, which iS' 
quite unique,— namely, the rin^; this is not visible, however. 
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to the naked eye. Althoogh not much inferior to Jnpiter in 
n» (hia dianeter being abont 79)000 miles), his greater distance 
fitom ns makea hia tqiparent dimenrions mnch lesa, whilst his 
distance from the Sun rednces tiie proportion of light which he 
receives and reflects ; oonseqnently to the naked eye Satnni 
presento the aspect of a nebnlone star of a dnll leaden hne ; and 
aahis motion is Terjrslow, he maybe eanly mistaken for a fixed 
star. With a telescope of very ordinary power, howeyer, his 
extraordinary ring may be seen ; bnt the exact appearance of 
this, and ite aeparktion into two or more, can only be well seen 
by a teltecope of fitst-rate character. 
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625. The diameter of Satom, being nearly 10 tiroes that of 
the eartfa, his bulk is abont 9S5 times greater ; bnt his den«ty 
is most remarkably low, being bnt a little more than mi eighth 
of that of the earth, oi abont the some as that of li^t wood. 
Like Jnpiter, he tnms ra[ndly on his axis ; his day being abont 
lOh. 29m. ; and his polee are flattened in nearly the same propw- 
lion. The axis of rotation is considerably inclined, however, to 
the plane of its orbit ; so that thtxe must be in Satnm the same 
kind of variety of seasons as in our globe. Bnt as the light and 
heat received by Saturn from the ceiitrsl luminary, are not above 
1-gOQi part as strong as that which we derive £rom it, the 
ohaiacter of these seasons, and conseqnently of the livitig inha- 
bitants (if there be uiy) of the pUnet, must be quite diffoent 
from any of which we can form an idta. Indeed the conatitn- 
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tion of the planet itself must be very unlike' that of ovt earth. 
No water could exist on its surface ; since, being heavier than 
the planet itself, every solid would float upon it. But there is 
probably tome fluid ; since the disc of the planet is crossed by 
the same belts as those which traverse the face of Jupiter ; 
and if, as is probable, these belts are due to the existence of 
clouds, there must be a liquid, by the conversion of which into 
vapour, these clouds are produced. 

626. The distance of Saturn from the sun is about 915 mil- 
lions of miles ; and the time of his revolution is proportionally 
long, being 10,759 days, or rather less than 29^ years. The ex- 
centricity of his orbit is rather more than that of Jupiter, being 
about 56 parts in 1000; and the inclination is also rather 
greater, being still, however, but 2^ degrees. 

627. The rin^ of Saturn is a circular plane, completely sur- 
rounding the equator of the planet, but nowhere touching it. 
From the variation of our position in regard to that of Saturn, 
and from the circumstance that the axis of Saturn (like that of 
the earth) is always parallel to itself, we obtain many difierent 
views of this extraordinary appendage. Sometimes we see it 
exactly edgewise, in which case it is said to disappear, being 
invisible to all but the best telescopes, on account of its extreme 
thinness. It then appears merely as a thin bright line, crossing 
the disk of the planet, and projecting on each i^de. More com- 
monly,, however, we see it as an oval of greater' or less breadth, 
according to the direction in which we view it. We could 
never see the whole circle at once, unless we were to look down 
upon it from a point beyond one of its poles. That the ring is a 
solid opaque substance, is shown by its throwing a distinct 
shadow upon the body of the planet ; and from its exhibiting, 
on the side remote from the sun, a corresponding shadow thrown 
upon it by the planeti When viewed with a telescope of suffi- 
cient power, the surface of the ring is seen to exhibit several 
black' lines; but one. of these^ near the outer margin, is conspi- 
cuous, and seems to cUvide the ring into two, the separation of 
whicfa was first nbtieed by Dr. Herschel. The following are 
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the dimensions of the rings and of the body of Satom, as calcu- 
lated by Sir J. Herschel from Prof. Struye^s measurements : 

MILBS. 

External diameter of outside ring . . . 176418 

Internal ditto . . . . . 155272 

Breadth of external ring, therefore . .. 10573 

External diameter of inude ling . • . 151690 

Internal ditto 117339 

Breadth of internal ring, therefore . . 17175 

Space between iim«r and outer ringa . 1791 

Equatorial diameter of the planet . . . ' 79160 

Space between the planet and inner ring . . ] 9090 

Thickness of the rings not exceeding . . 100 

628. By means of certain spots upon the ring, Dr. E[er8chei 
was enabled to ascertain, that it rotates about an axis which cor- 
responds to that of Saturn, in lOh. 19m. 161sec. ; or in a period 
somewhat less than 10 minutes shorter than that of the planet 
itself. It has been calculated that this period is exactly that 
which a satellite would possess, if made to revolve in an orbit 
corresponding with the middle of the breadth of the ring. The 
centre of rotation of these rings is not perfectly fixed^ but itself 
describes a small orbit. That it should do so was shown, by the 
celebrated mathematician Laplace, to be essential to the stability 
of the system, before the fact was ascertained by observation. 
This necessity may easily be understood, by referring to the laws 
formerly explained in regard to the rotation of bodies round an 
axis. (Chap^ YII.) It is obvious that, if the ring be perfectly 
circular, and of equal density in every part, and if the body of 
the planet be a perfect spheroid, (that is, if every point on its 
equator, and on the circles parallel to it, be equally distant firom 
the axis,) and the centre of the rings correspond exactly with its 
own, the attraction of the planet would never disturb the rings, 
since it would draw all parts of them equally towards its oentoe. 
But if any other force were to produce the slightest change, — so 
that one portion of the ring were made to approach the planet, 
and another portion were moved to a greater distance from it, — 
the attraction of the planet would operate with increased force 
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upon the part thus brought nearer, and less strongly upon the 
farther portion; and thus the displacement would continually 
increase, until, at last, the inner edge of the ring would be drawn 
into contact with the planet itself. To produce this disturbance, 
the attraction of the satellites alone would have been sufficient. 
Now it was shown by Laplace, that this instability would be 
prevented, by giving to the centres of the rings a slight motion 
round that of the planet ; and recent observations have shown 
that such a motion actually exists. Sur J. Herschel compares 
this constant struggle between the preserving and destructive 
powers, to the mode in which a practised hand will sustain a 
long pole, resting on the finger, in a perpendicular direction, by 
a continual and most imperceptible variation of the point of sup- 
port. Both these forces are extremely feeble ; but they so anta- 
gonize one another, as to prevent the stability of the system 
from ever being so far disturbed that a catastrophe would result. 
It is beautiful to observe how these powers are thus balanced 
against each other ; the disturbance that would arise from the 
direct attraction of the satellites for the ring, being prevented 
by a trifling peculiarity in the motion of the ring, which is itself 
but the result of another operation of the same force of uni- 
versal attraction. 

629. ^' The rings of Saturn," it is remarked by Sir J. Her* 
schel, ^* must present a magnificent spectacle from those regions 
of the planet which lie above their enlightened sides, as vast 
arches spanning the sky from horizon to horizon, and holding an 
invariable situation among the stars. On the other hand, in the 
regions beneath the dark side, a solar eclipse of fifteen years in 
duration, under their shadow, must afford (to our ideas) an 
inhospitable asylum to animated beings, ill compensated by 
the faint light of the satellites. But we shall do Mnrong to judge 
of the fitness or unfitness of their condition from what we see 
around us ; when, perhaps, the very combinations which convey 
to our minds only images of horror, may be, in reality, theatres of 
the most striking and glorious displays of beneficent contrivance." 

630. Saturn is accompanied by no fewer than seven satel- 
lites, of which the most distant is nearly as large as Mars. 

L L 
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With the ezoeptioii of thk last, the orbits of the satellites aire so 
nearly in the same plane with the equator of the planet, and 
therefore with the ring, that they seem (like those of Jnpiter) 
merely to move from side to side of his disc. Indeed, the two 
inner ones, which just skirt the edge of the ring, and moire 
exactly in its plane^ had escaped obserration until Sir W. Herschd 
directed his largest telescope towards them ; and he then saw 
them like minute beads strung upon the Tery thin thread of 
Bght^ to which the ring was at that time reduced. The three 
next also require powerful telescopes to see them ; but the last 
but one, which was the earliest discoyered (by Huyghens, in 
1755), is tolerably conspicuous. The periods of revolution of 
these satellites vary from about 22^ hours, which b that of the 
first, to 79^ days, which is that of the largest and most distant. 
The law discovered by Kapler, respecting the proportion be- 
tween the distances of the planets from the Sun, and the times 
of their revolution, holds good equally, on a miniature scale, in 
regard to the satellites of Saturn. 

UranuB, 
631. This planet is the most distant of those at present 
known to constitute the solar system. It is too minute to be 
visible to the naked eye ; and consequently altogether escaped 
observation before the discovery of the telescope. There is reason 
to believe that it was frequently noticed by astronomers, but 
that it was mistaken for a fixed star. Its variable position 
was fiist attentively wiitched by Dr. Herschel, who recognised 
it as a planet in the year I78I. His own name was at first 
proposed for it ; but he was himsetf desitous that it should receive 
the appellation of Cteoigium Sidus, in hoaour of the King, who 
had greatly aided him in his astronomical researches. It is 
now generally agreed, however, that as all the other planets 
have received names from the Greek and Roman deities, this 
ought not to be an exception ; and the title Uromuf se^ns very 
apfwopriate, being the continuation of the order in which the 
more distant of the principal planets have been named. For, in 
the heathen mythology, Ji^iter was the father of Mars, and 
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Saturn the father of Jupiter ; hence, a planet more <K0tant etill 
should receiye the name of the fat^r of Saturn. 

632. The distance of Uranus from the Sun is abont 1840 
millions of miles, or more than twice that of Satnni ; and he 
receives no more than 1 -362nd part of tiie light and heat which 
we enjoy. Through this vast orbit, he reyolyes in a period of 
about 30,787 days, or 84 years ; and consequently has not per- 
formed more than three-iburths of a rcTolution, since his planetary 
nature was first discovered. His immense distance fixmi ns 
prevents us from becoming fully acquainted with the details of 
his state. Thus his appearance, when viewed through the most 
powerful telescopes, is only thiat of a small round disc, uniformly 
but feintly illuminated, of a bluish white colour, and presenting 
neither rings^ belts, nor discernible spots. Hence, the question 
of his rotation on an axis cannot be determined ; but there can 
be little doubt, from the analogy of all the other planets, that he 
does so revolve, though the time is entirely nncertain. His 
diameter is about 35,000 miles, or between 4 and 5 times that of 
the Earfch ; and his bulk is consequently about 80 times as great. 
His density seems to be somewhat less than that of Jupiter, so 
that his actual weight would be about 17i times greater than 
that of the earth. 

633. This planet was stated by its discovers to be attended 
by six satellites ; of these, however, only two have been detorly 
proved to exist. Of these, which would be the 2nd add 4th, if 
all six are present, the times of revolution are about 8f days, 
and 13^ days, respectively. They present a most remarkable 
peculiarity, which was first noticed by Sir W. Herschel, and which 
has been since confirmed by hk son ; — that whilst the orbit of 
Uranus himself is but very little inclined to the ecliptic, their 
orbits are nearly perpendicular to it, being inclined almost 7^ ; 
— and that in these orlnts their motions are retrograde, their 
levolution round their primary being from east to west, instead of 
from west to east, as is the case with every other planet and satel- 
lite. It is generally found that the direction of the orbits of satel- 
Btes, is nearly the same with that of the equator of the primary; 
anditwiU be shown hereafter (Chap.xxn.) that there is probably 

L L 2 
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a conneanom between their revolution round it, and its own rotation 
on its axis. If this be the case, the axis of Uranus must be 
almost parallel with the. ecliptic, so that his poles will almost 
be in its plane. The effect of such an arrangement upon his 
seasons (provided that his axis, like that of the Earth, always 
retains its. parallelism to itself, §k 661) would be most extraor- 
dinary. As at the poles of our earth, the days and nights last 
half a year, in consequence of the moderate inclination of its 
axis to the ecliptic, so in Uranus not only the poles, but a very 
large proportion of his globe, will be alternately exposed to the 
mn and removed from it, during the half of hit year of 30,687 
lays. 

634. How different must be the constitution of any living 
beings that are adapted for such a residence, from that of which 
we can form any idea ! and yet how limited would be our con- 
ception of the Creator's power, if we were to imagine, even for a 
moment, that there is any impossibility, or even an improba- 
bility, in the existence of such beings? It may be that they are 
destined to a life so long, that the days and nights of 42 years' 
length are to them but as the 24 hours^ change between rest 
and activity, to the human race. The nations that inhabit our 
torrid zone can scarcely conceive of the nature of cold ; nor could 
they suppose that either man, beast, or plant, could exist, in 
situations where the genial rays of the sun are received but for a 
few weeks in every year. And yet experience proves their error ; 
for even where the sun is completely hid during four months 
out of every twelve, can man enjoy life, and wonder that any 
should desire a different climate. In like manner, the inhabit- 
ant of the frigid zone does not readily give credit to the accounts 
he hears of the perpetual summer that reigns within the tropics ; 
and wonders how any human beings can live where there is no 
blubber or seaFs flesh ! Narrow and restricted as such notions 
appear to us, they are not less the result of experience, than those 
which we form respecting the condition of other worlds ; and 
whilst we laugh at the ignorance of the Hindoo or Esquimaux, 
we should be careful lest we fall into the same error. Of 
course we have no means of even guessing the conformation of 
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living beings that are to inhabit what would be to us the intole- 
rable and destructive heat of Mercury, or the dreary cold and 
darkness of Uranus ; and it would be useless, therefore, to spe- 
culate on the subject. These are, perhaps, among the subjects 
on which our knowledge will be extended, in that state in which 
the intellect of man will be continually undergoing elevation 
towards the perfection of his Maker, — where all darkness shall 
be enlightened, all difficulties and obstructions shall be removed, 
and where, in learning more and more of the wonderful works 
of tlie Creator, we shall receive higher and yet higher motives to 
humble adoration of His infinite perfections. 

635. The following illustration, proposed by Sir J. Herschel, 
is well adapted to convey to the mind an idea of the relative 
magnitudes and distances of the parts of our system. ^^ Choose 
any well-levelled field or bowling-green. On it place a globe 
two feet in diameter ; this will represent the sun ; Mercury will 
be represented by a grain of mustard-seed, on the circumference 
of a circle 164 feet in diameter for its orbit ; Venus a pea, on 
a circle 284 feet in diameter ; the earth also a pea, on a circle of 
430 feet ; Mars a rather large pin'^s head, on a circle of 654 feet ; 
Juno, Ceres, Yesta, and Pallas, grains of sand, in orbits of from 
1000 to 1200 feet ; Jupiter a moderate-sized orange, in a circle 
nearly half a mile across ; Saturn a small orange, on a circle of 
four-fifths of a mile ; and Uranus a full-sized cherry^ or small 
plum, upon the circumference of a circle more than a mile and a 
half in diameter. To imitate the motions of the planets in these 
orbitSy Mercury must pass through a space equal to its own dia- 
meter in 41 seconds ; Venus in 4^ 14* ; the earth, in 7"^ ; Mars, 
in 4™ 48« ; Jupiter in 2^ 56'^ ; Saturn in 3^ 13™ ; and Uranus, 
in 2^ 16°'^." It may be added, that such motions would actu- 
ally take place, if the representatives of the planetary masses 
were set in motion by the required impulse (§. 171) ; provided 
that they were influenced by no other force than the attraction 
of the central globe, or representative of the Sun, and could move 
freely through space, without friction or resistance of the air. 
It may assist us in comparing this miniature representation with 
the reality, if we remember that the pigmy globe of two feet in 
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dUmeter muet be expanded into a sphere nf nearly UOO,000 
miles in diameter, or to 2,348^ million tim«s its ate. Wbat, 



then, must be the orbit of Uranns ? And jet the whole of this 
vast system is but a point in the universe, uo larger in the esti- 
mation of the inhabitants (if such there be) of the nearest of tbe 
fixed stare, than the smallest of the satellitt^s of Saturn or 
tJranus appears to us. 



CHAPTER XIX. 

OF COMETS. 

636. Wb h»ye soen tbat the uamQ ^y which these bodies 
are knowo, was originally given to them on account of the pecu- 
liar luminous train or tail by which they are usually s^companied 
(§. 458) ; and for a long period this train was believed always 
to form a part of a cometary body. At the present time, however, 
astronomers are acquainted with comets which are destitute of 
tails ; and can no longer, therefore, consider these as their dis- 
tinctive characters. They regard as Comets those htovenly 
bodies of a luminous and nebulous appearance, which approach 
towards, and recede from, the Sun, after the manner of a planet 
in a single revolution. Some of these are known to revolve round 
the sun in regular elliptical orbits ; and their appearance at par- 
ticular times may be predicted with almost the same certainty as 
that of the planets. Others, again, seem to move in a curvQ 
which does not return into itself, and consequently do not re<r 
appear ; as if, whilst moving in empty space, by a force which 
had previously impressed them, they had come within the sphere 
of the Sun's attraction, had been made for a time to revolve 
around him, and had again been launched into space, in a path 
that would carry them, perhaps, to the verge of some other sys« 
tem, to be attracted by its sun, and thus to perform a temporary 
revolution around it. 

637. It was shown by Newton that one mass may move 
round another by the attraction of the latter, combined with its 
own proper forge of motion, not only in an ellipse, but in either 
of the other two conic sepfioruy the parahola and the hyperboloj-^ 
more generally, however, in the fonner of these two than in the 
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latter. Now the difference between the vertex of a parabola, 
and one of the ends of a very elongated ellipse, is so trifling, that 
it is very difficult to distinguish them ; and as Comets only be- 
come visible to us, when they are going through this part of 
their curve, it is scarcely possible to calculate with certainty the 
nature or dimensions of their orbits, or the period of their 
return. The only instances in which this calculation can be 
accurately made, are those of comets having but moderately 
elliptical orbits, resembling those of the more excentric planets, 
such as Juno and Pallas (§. 609) ; for in these the form of the 
Curve described by the comet, as it approaches the sun and be- 
comes visible, is sufficiently unlike the parabola, to be readily 
distinguished from it. 

638. The first attempt to predict the return of a comet, and 
thus to include this class of bodies within the control of the laws 
governing the system in general, was made by Dr. Halley, the 
contemporary of Newton. A remarkable comet having appeared 
in the year 1682, Dr. Halley calculated the elements of its orbit, 
— or in other words, laid down its path, from the observations of 
Flamsteed and others. The same methods of calculation ap- 
plied to the observations of Kepler in 1607, upon a comet having 
a similar appearance, gave results, — in regard to the inclination 
of its orbit, the place of its nodes, the situation of its perihelion, 
Jind the retrograde direction of its movement, — so closely con- 
formable to these, that little doubt could be entertained in regard 
to the bodies being the same. Between these two periods, there 
was an interval of 75 years ; and reckoning backwards from 
1607 to the same amount. Dr. H. searched in astronomical records 
for an account of a similar comet in 1531 or 1532. Such a one 
he found to have been observed; and by applying the same 
method of calculation to the recorded observations of its progress 
through the constellations, he deduced results almost precisely 
identical. Going still further back, he found that a similar 
comet had appeared in 1456 ; but its elements he could not de- 
termine, from the want of sufficient observations. This comet 
had a tail which spread over 60° of the heavens, and excited 
great consternation in Europe; its appearance being regarded 
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as connected with the nioet serions event in that age,' — ^the 
menacing success of the Mahomedan armies. A remarkable 
comet is recorded as having been observed also in 1305, — or two 
periods of 75 years previously, — and also in 1230 ; and the cor- 
respondence of the times is so striking, that it may be reasonably 
supposed to have been the same ; and it is not difficult to account 
for the absence of any notice of its appearance in 1380 or 1381, 
since no regular astronomical records were kept at that period. 

639. Having shown the identity of the comet of 1682 
with that of 1607 ^^cl of 1531, — to say nothing of the earlier 
appearances, — Halley seemed fully justified in predicting that 
the comet would re-appear in 1758 or the beginning of 1759, — 
its period being about 75^ years. He left the precise time in 
some degree of uncertainty, having perceived that the interval 
had not been exactly the same in previous instances, and being 
disposed to think that the attracting influence of the planets 
might occasion a considerable disturbance in its course. His 
prediction was given confidently, and with a full sense of its 
importance ; he desired that it should be remembered that its 
author was an Englishman. Several astronomers took up the 
subject ; but it was not until 1757? — a year before the expected 
return of the comet, — that any one ventured to grapple with 
the very difficult question of the perturbations produced by the 
planets. It was then taken up by Clairaut, a French mathe- 
matician, who found that the return of the comet would be 
retarded to the amount of 518 days by the action of Jupiter, 
and 100 days by that of Saturn ; so that it should pass its peri- 
helion by the middle of April, 1759. He gave notice, however, 
at the same time, that, having been hurried in his calculations, 
he had neglected small quantities, which in 'J6 years might 
amount to about 30 days more or less. The predictions of Halley 
and Clairaut were fiilly justified by the event ; for the comet 
re- appeared at the end of 1758, and passed its perihelion on the 
1 2th of March, 1759, or just within the limit assigned by Clairaut. 
Its brightness, however, was much less than on former occasions, 
partly in consequence of the difierent position of the earth ; and 
it does not seem to have been readily visible to the naked eye. 
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640. Numerous and accurate obeerrations were made of ita 
progce89 in the heaTena ; but no complete calculations were made 
as to its orbit, and tbe perturbations of tbe planets, until near 
the time of ita expected re-appearance in 1835. The computa- 
tion was again undertaken by two French mathematicians ; and 
they fixed the period of its perhelion passage for the month of 
November, 1835 ; the one predicting it for the 4th, and the other 
for the 7th, — the difference being due to a diffisrent estimate of 
the quantity of matter in the perturbing planets. The actual 
passage took plaoe, howevw, on the 15th of November, the 
eomet having been first seen on the 5th of August, and remain- 
ing visible to the naked eye through the ensuing winter. This 
error of 8 days only, in a period of 76 years, cannot be regarded 
as surprising, when it is considered for how short a portion of 
its orbit the comet is visible ; and how much a very small error 
in determining the form of one of its extremities will affect the 
estimate of its length ; — when it is remembered, also, how much 
it suffers from the perturbing 4nfluenoe of the planets, and how 
difficult it must be-^-with our very imperfect knowledge of the 
structure of the comet and the quantity of matter it con« 
tains — *to estimate this aright. In fact, this degree of accuracy 
must be regarded as a wonderful proof of the completeness of 
Qur knowledge of the laws, that govern the movements of bodies 
even so erratic as these. During the whole time of its appear- 
ance in 1835, its movements were very attentively watched by 
various able observers, both British and continental ; and a body 
of observations has been collected, which will probably afford, to 
any calculator who shall undertake to compute from them the 
time of its re-appearance in 1911, the means of doing so with still 
greater accuracy. It is not probable, however, that this will be 
accomplished until the time approaches ; since the fame to be 
acquired by this laborious investigation, and its correspondence 
with the actual result, is the only reward which it is likely to 
receive ; and most men would prefer acquiring it whilst Hving, to 
leaving it to add fresh lustre to their memories after their death. 

641. Thia comet, whose periodicity was the first discovered, 
long remained the only one whose character in this respect was 
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known. In 1818, howeyer^ a anudl oomet was diseoTered, the 
elements of whose orbit so closely corresponded witlx those of a 
oomet which had been seen in 1805, that there could be little 
doubt of their being the same. From these elements M. Encke 
caloiilated its period, and found that its orbit is elliptical, and 
that it only required about 1200 days, or 3^^^ years, to travel 
through its whole path ; so that between 1806 and 1808 it must 
have re-appeared three times without haying been noticed. This 
might easily be imagined ; since the comet is yery small and its 
light yery weak, so that it is imperceptible to the naked eye. 
Still, as the heavens are now being continually and attentively sur- 
Teyed by a large number of astronomers, the total absence of any 
record of it is remarkable. On examining older records, however, 
it was found that the appearance of a comet, whose orbit cor- 
responded closely with that of 1818, had been recorded in 1786 
and in 1795 ; and that these dates corresponded with those in 
which this body might be calculated to have performed its revo- 
lution. Although, therefore, the period was found to be so much 
shorter than might have been expected, M. Encke's determina- 
tion of it was fully justified by past observations ; and his pre- 
diction of its re-appearance in June, 1822, was completely borne 
out by the result. 

642. Since that time it has regularly made its appearance, 
very nearly at the places and in ihe times predicted by calcula- 
tion. But there is a regular diminution of its period of revolu- 
tion, and a gradual approach of its orbit towards the sun, for 
which mathematicians and astronomers do not feel able to 
account, otherwise than by supposing that all space is filled 
with a resisting medium, so thin or rare in its character, that it 
has not offered the least perceptible impediment to the earth or 
planets in their movement round the sun, but quite enough to 
operate sensibly upon a little *^ whiff of vapour," such as this 
comet is believed to be. It might be supposed that the effect of 
such a resisting medium would be to retard its movement, and 
thus to tncTMM, instead of diminishing, the time of its revolu- 
tion ; but by referring to the explanation of the nature of curvili- 
near motion formerly given (§. 172), it will be seen that the effect 
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of such resistance will be to dimmish the force with which the body 
is moving onwards, and thus to allow the central attraction to 
draw it nearer, by which the revolution will be rendered more 
rapid, and its period consequently shortened.' The ultimate 
result roust be, that the comet will be drawn into the sun, unless 
it be first dissipated altogether ; — a result which will be pre- 
sently shown (§. 652) to be by no means impossible. The 
nature of this resisting medium will be hereafter considered 
(Chap. xxii,). 

643. The only other comet at present known to have a 
regular period, was observed in 1826 hy M. Biela, an officer 
then residing at Prague. On a calculation of the elements of its 
orbit, and a comparison of these with the results of similar 
observations on preceding comets, they were found to correspond 
with those of a comet which had appeared in J805 and also in 
1772; and the periodical return of this body seemed therefore 
probable. On this supposition, its orbit must be regarded as an 
ellipse, and not as a parabola ; and when its path was thus laid 
down from the ascertained elements, it was found that its 
revolution would take place in 2460 days, or about 6f years, 
and that its re-appearance might be expected, therefore, in 1832. 
In order to ascertain the precise period of its return, it was of 
course necessary to study the perturbing influence of the planets ; 
and when their places were ascertained, and compared with its 
course, the curious result was obtained, that it would cross the 
orbit of the Earth, only about a month before the arrival of the 
latter at the point of intersection. This announcement excited 
much curiosity, and amongst timid persons a good deal of 
excitement, amounting even to alarm. It was quite destitute of 
foundation, however ; and might have been completely removed 
by tracing the history of this comet a little further back ; for in 
1805 it must have passed within 5 millions of miles from the 
earth, whilst in 1832, it was never within 60 millions. The 
comet did actually appear in September, 1832, according to 
prediction, and in the part of the heavens where it was expected. 
It is a small insignificant comet, looking like a collection of 
nebulous matter, and not having either a tail, or any appearance 
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of a solid nucleus. It appeared again in the latter part of 1838 ; 
and will again present itself in 1845. The accompanying 
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diBgram represents the orbit of this comet, compared with tiiat 
of the earth ; and marfcs the point where they intenecty which 
happens to be very near the descending node. The time at 
which the comet reached its perihelion in 1832 is seen to be in 
the middle of November; it crossed the earth's orbit on the 
29th of October ; but the earth did not reach the same point 
nntil the 30th of November. When the revolutions of this 
comet shall have been observed with the same frequency and 
accuracy as those of Encke'^s comet have been, it will be of great 
importance to ascertain if it exhibits a similar acceleration in its 
period of revolution ; since, unless it does so, the doctrine of the 
resisting medium can scarcely be true. 

644. Now, in contrast with these facts, which show the 
regularity with which some Comets perform their revolutions, 
others may be mentioned, which show that, by the operation of 
the very same causes, their movements may be rendered altogether 
irregular. Yet are they still under the dominion of the same 
laws ; and if we are acquainted with M the causes that are in 
operation, the result may be predicted wiA equal certainty. 
One of the most remarkable of these cases is that of a comet 
which appeared in June, 1770. As soon as a sufficient number 
of observations had been made upon its movements, astronomers 
set to work to calculate the elements of its orbit These were 
not found to conespond with the elements of any comet pre- 
viously known; and yet, after very numerous and careful 
observations, it was satisfactorily determined that its orbit 
could not be a parabola, — ^that it must return into itself, forming 
an ellipse, — and that the comet must, therefore, have a regular 
periodic revolution round the sun, ihe time of which would be 
about 6^ years. It was shown thai all the observed positions 
of the comet corresponded most exactly with an elliptical orbit, 
whose long diameter was only three times that of the Earth's 
orbit. Having so rapid a revolution, and being of tolerable size 
and brightness, it might be sup|>08ed that some record of former 
appearances of this comet could be discovered ; but the most 
careful research did not throw any light upon it, lor no such 
record could be found. And what was for some tn»e « eonce tof 
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the greatest perplexity to astronomers, and a frequent subject of 
a varietj of small sarcasms amongst those who affect to langh 
at star-gazers as unprofitable wasters of time,— • this Comet has 
never since i^own itself. 

645. Bnt by simply comparing its course with that of the 
planet Jupiter, the whole mystery was 'explained. For it was 
ascertained that in its subsequent revolution, it would approach 
80 near to Jupiter, that his attractive force would be 200 times 
greater than that of the Sun ; and that the form of the orbit of 
the Comet would be thus so completely changed, that its revolu- 
tion would require 20 years, and that its least distance from the 
sun would become 303 millions of miles, so that it would not be 
visible from the earth. Reasoning hadowardi in the same man- 
ner, it was found that^ on its approach to the Sun in 1767) H 
must have encountered Jupiter; but that his influence most 
have been then exerted in an opposite direction, so as to change 
a long ellipse-— whose shortest distance from the sun was 597 
millions of miles, and the period of its revolution which was 
50 years-— into the smaller orbit, in which it performed two 
revolutions. Thus the novelty of the appearance of this comet in 
I77O9 and its subsequent complete disappearance, are fdlly 
accounted for : and the very fact which led some to doubt the 
aniversality of the Newtonian principle, has become a striking 
confinnation of it. In order to meet Jupiter a second time in 
the part of his orbit where the change was produced, this comet 
muirt have crossed its perihelion in 177^ ; and its having escaped 
observation is to be accounted for, by its having come to Ihis 
point daring the day. 

646^ Although these are the only Comets, whose periodica! 
return to the neighbouriiood of the Sun has been ascertained with 
anythiag Hke certainty, the number that have at different times 
been visible from the eartJi is very much greater ; and it is pro- 
bable that these constitute but a very small proportion of the 
total number that visit our system. Of this number, varying 
estimates have been formed ; hxtt tXL agree in regarding it as 
enormous. Ite two following will give an idea of the principles 
upon wfatck ikef are computed. It is stated by Bir J. Hersehel,^ 

* Preliminary Diiconne, p. 62. 
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that 140 comets have appeared within the earth's orbit, daring 
the last century, which have not been again seen. If we allow 
1000 years as the average period of these, then we might expect 
to see as many new ones in another century, and so on until we 
have seen them all once; and at this rate about 1400 must have 
their range within the Earth's orbit. But the orbits of the 
comets are so extensive, that even the perihelion distance of 
many whose existence has been ascertained, is beyond the orbit 
of Mars; and as we have a right to suppose that they are 
distributed with some degree of uniformity, the number ranging 
within the boundaries of the orbit of Uranus may be computed 
from that ranging within the Earth's orbit, by comparing the 
dimensions of the two. Now, as Uranus is at about twenty times 
the Earth's distance from the Sun, the amount of space included 
within a sphere of the diameter of his orbit is (20 x 20 x 20=: ) 
8000 times that which would be included by a corresponding 
sphere of the diameter of the Earth'^s orbit ; and multiplying this 
number by 1400, we obtain 11,200,000 as the whole number of 
comets, which may be supposed with probability to come within 
the range of the planetary system. — M. Arago has formed a 
similar estimate, from the number which are known to have their 
perihelion distance within the orbit of Mercury ; and .on this 
foundation he computes the whole number at about 3^ millions. 
But he considers that this number may be doubled, in conse- 
quence of various causes which may intercept from our view the 
comets which approach so near to the sun ; — so that the total 
number may be estimated at not less than 7 millions. — Tiiere is 
sufficient agreement between these two estimates, to cause us to 
regard the probable number of comets occasionally visiting our 
system as certainly not less than Jive millions. 

647. Comets are not, like most of the planets, restricted to 
a 2sone of the heavens that does not extend much on either side 
of the ecliptic ; for their paths have every possible inclination to 
that of the earth ; and they may therefore be seen in almost any 
part of the sky. — Moreover, they differ from the planets remark* 
ably in this, — that the motions of about one-half of them are 
retro^ade^ that is^ from east to west. They are only visible to 
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US wben near their perihelion points ; and as they then travel 
with great rapidity, they can seldom be watched for any long 
time. Their light is principally, if not entirely, derived from 
that of the sun ; and their brilliancy must increase, therefore, in 
proportion as they approach him. The celebrated comet of 1680 
seems to have had its perihelion point at a shorter distance from 
the su^, than any on which observations have been made ; this 
being only about 590,000 miles from his centre, or 147,000 miles 
from his surface. It was calculated to move at the rate of 
880,000 miles an hour, when in that part of its orbit ; and to 
have gone from one side of the sun to the other in about 10^ 
hours. If its enormous centrifugal force had ceased, when it 
passed the perihelion, it would have fallen into the sun in about 
3 minutes. At its nearest approach to the sun, it would have, 
received from him a heat 27,500 times greater than that which 
comes to us ; and it is probable that a heat of such intensity 
would be sufficient to convert into vapour every terrestrial sub- 
stance with which we are acquainted. The 8un''s apparent 
diameter, at that distance, would be 70 degrees; and to an 
observer situated in the comet, it would, therefore, extend nearly 
frt)m the zenith to the horizon. The period of this comet is 
supposed to be about 575 years ; and, if this be the case, its orbit 
must be so long, that, at its greatest distance from the sun, his 
apparent diameter would be no more than 14 seconds, which is 
not half as great as the apparent diameter of Mars when nearest 
to us. At that distance, his heat could not have been percep- 
tible ; and the comet must therefore have been exposed to the 
temperature of the space that intervenes between our different 
systems, which is estimated at 580 below the zero or 0^ of 
Fahrenheit's thermometer. 

648. Comets are usually described as consisting of a head and 
a iail. The head is a large but ill-defined nebulous spot, which 
is usually much brighter towards the centre, where there is a 
very brilliant spot, often resembling the body of a planet, or a 
star, — ^termed the nttdeus. The tail (where it exists, for it is 
not universally present) consists of a stream of light proceeding 
from the head, and always directed towards the side mast remote 

M M 
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fnm the ttm; it ik often alightly eurred, howercr; ben^ 
towards the region which the comet hu left. It oommoiil; 



beems formed by the Union of t<4ro disttnet streaUa, which dm 
together a little behind the heed; sometimes theae renun 
diitinct along their whole eonrse ; and occuionally they hnncli 
out into five or elx divisiona, as was the' case with that of tk 
comet of 1744. The tail has generally Tety mnch the appear- 
ance of the luminous trains left by some bright meteors, or of 
the fiery track of the efey-rocket — only that it has no sparks or 
perceptible motion. This magnificent appendage has sometimea 
an immense apparent as well as real length . The comet of 1616 
is stated to have been attended by a train no len than 104° in 
length ; so that if the body had been upon the southern point of 
the li(»izon, and the tail had shot up vertically into the sky, i' 
wonld have passed through the lenith, and neady readied tfre 
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pob-Btar on the northem ride. The comet of 1680, with & 
bead no larger than a 
Btw of tiie wcond mag- i 
aitnde, had a toil which ' 
ooTwed from yc to 90° 
at the heaTeng ; and ite ' 
actual greatest length 
was calculated at about 
1S3 millions of miles ; 
so that, if the comet 
had been in the enn, its 
tail would hate extend- 
ed nearly 30 nullioBs of 
miles beyond the earth's 
ortnt The length of ' 
the tail of the cele- 
brated comet of 1811 

■was about 108 millions ^"^ let^-Oam o» ism. 

of miles ; and the diameter of the tnuuparent space between 
the head and the commencement of the toil, wae about half a 
million of miles. On the other hand, there are sereral comets, 
especially those which are only visible with the assistance of a 
tdeacope, that do riot possess ttuls ; such were the comets whicli 
appeared in the years 1586, 1683, and 1763, althongfa that of 
1682 is recorded to hare been as bright as Jupiter ; and anch 
also are the comets of Encke and Biela. 

649. With regard to the amount of solid matter contuned in 
these remarkable bodies, and the mode in which this is arranged, 
tiiere has been considerable difference of opinion ; and the vari- 
ation is probably to be accoanted for by an actual diversity in 
the constitntion of different comets. I^na, there are some which 
appear like collections of vapour, more dense towards the centre, 
bat exhibiting no distinct nnclens, and therefore not entitled to 
be Gonridered as having the least solidity. Stars of the smallest 
nagnitndes remain distinctly visible, though covered by what 
appeus to be the densest portion of their substance ; although 
the same stus would be completely obscured by a moderate fog. 
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extending only a few 3rard8 from the surface of the earth. Bnt^ 
in other instances, when the nuclei are viewed with powerful tele- 
scopes, they have appeared to contain a solid centre; which seemed 
in one instance ahout 3250 miles in diameter. The host proof, 
however, of the very small amount of matter contained in comets, 
is derived from the complete ahsence of any perceptible influence 
produced by them on the movements of the planets ; whilst they 
are themselves affected by these bodies in a very high degree. 
Thus, the comet of 1770 passed within about six times the 
moon'^s distance from the earth, without producing the least 
influence, even on our tides; yet the revolution of the comet 
itself is stated to have been retarded by it, to the amount of two 
days. Had the mass of this comet been equal to that of the 
earth, its passage so near it would have increased the length of 
the year by nearly three hours ; but as we know that the length 
of the year was not actually increased by the fraction of a second, 
it may be proved that the mass of that comet could not have 
been equal to l-5000th part of that of the earth. This same 
comet twice swept through Jupiter^s system of moons, without 
in the least deranging their motions, though its own orbit was 
completely changed, in the manner and degree already stated 
(§. 645), 

650. The absence of any changes of appearance resembling 
the phcuet of a planet, also indicates the vaporous nature of 
comets ; for, if they had large solid nuclei, these would reflect 
the sun's light to us, or would present their dark faces towards 
us, according to the relative positions of the sun, the comet, and 
the earth. This is so far from being the case, that we always 
see the whole head illuminated ; — a fact for which there is no 
other way of accounting, than upon the supposition that, either 
the comet is selMuminous, or tiiat it is a great mass of thin 
vapour, susceptible of being penetrated through its whole sub- 
stance by the sun-beams, and of reflecting these alike from its 
interior parts, and from its surface. That comets are not self- 
luminous, appears from the fact, that when they recede frt>m us, 
they do net retain their hrilliftncy whilst their apparent size 
diminishes, as is the case with regard to the sun and stars ; but 
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that they gradually become dimraer and dimmer as they increase 
their distance from the sun, and at last vanish, merely from the 
loss of his light, while they still retain a sensible diameter. 
The most brilliant comets haye hitherto ceased to be visible, 
when about five times as far from the sun as we are ; and most 
of those that have been seen from the earth have their perihelion 
within thei orbit of Mars. It may, therefore, be concluded that 
comets shine by reflecting the sun's light ; and from what has 
been stated of the extremely small amount of matter they con- 
tain, it is evident that ^^ the most unsubstantial clouds which 
float in the highest regions of bur atmosphere, and seem at sun- 
set to be drenched in' light, and to glow throughout their whole 
depth, as if in actual ignition, without any shadow or dark side, 
must be looked upon as dense and massive bodies, compared 
with the flhny and all but spiritual texture of a comet.^^ 

651. That the luminous part is something of the nature of 
a smoke, cloud, or fog suspended in a transparent atmosphere, 
appears from the fact already stated, respecting the transparent in- 
terval between the head itself and the portion of the tail that comes 
up and surrounds it ; an appearance analogous to that which we 
firequently witness in our own sky, of one layer of clouds spread- 
ing over another, with a considerable clear space between them. 
This widely-dispersed condition of the solid matter seems due to 
the very small attraction which thlBre will be towards the central 
point, from the absence of solidity there. ^^ If the earth," remarks 
Sir J. Herschel, '' retaining its present size, were reduced by any 
internal change (as by hollowing out its central parts) to one- 
thousandth part of its actual mass, its coercive power over the 
atmosphere would be diminijRhed in the same proportion, and in 
consequence the latter would- iexpand to a thousand' times its 
actual bulk ; — and indeed much more, owing to the still, further 
diminution of gravity, by the recess of the upper parts from the 
centre." It has been obaeinred that, in Encke's comet, which 
has no tail, there is a rapid contraction in the size of the nebu- 
lous disc as it approaches the sun, and an equally rapid increase 
as it recedes ; and it has been suggested by Sir J.. Herscbd, 
that this change may be due to the conversion by the sun's heat, 
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of some of the materiab of tiie comet, from the state of a Timble 
elond to that of an inyisible gas, and a subsequent return to its 
preTious condition when the heat is withdrawn,— just as we see 
the Tapour of water diffused through the air in the state of mist or 
fog, rendered transparent by a slight increase of atmospherio 
temperature* 

652. No satisfactory ezphmation has ever been offered, as to 
the nature of the luminous train or taiL The common idea is, 
that this consists of matter which has been left behind, as it 
were, by the comet during its rapid course, and which remains 
for some time in the same position, like the smoke from a 
steamer oa a calm day. But this is quite inconristent with the 
fact already stated respecting the direction of the tail ; for after 
the comet has passed its perihelion, the tail rather projects be- 
fore it, than is left behind. That the condition of the tail is in 
some degree connected with the effect of the sun's heat upon the 
matter of the comet, appears from the fact, that the sise of 
the tail increases as it approaches him ; and that it is much 
greater on the return of the comet from its perih^on pass- 
age^ than it is on its approach towards it. Very frequently, 
comets make their first appearance wi^ little or no train ; and 
yet exhibit one of great length and br^htness, whilst they are 
feoeding from the sun. That some ci their own substance is 
thus driven of^ and dispersed into space through the defidem^ 
of sufficient attraction to draw it again towards the nudeuSi 
further appears from this fact, — that the size and brUfianey of 
the comets whoite return has been observed, are undergoing a 
sensible diminution with each re-appearance. 

653. The want of density in these bodies is forUier proved 
by the effisct jnpoduoed on their movements by tiie resisting 
medium ahready mentioned ($. 643). For this medimn has not 
density enough to have produced the slightest perceptible eflfect 
upon the movements of the planets ; though an extremely trifling 
change^ accumulating through many centuries, would now be 
recognised with certainty. Yet its resistance shortens the period 
of Encke's comet by as much as one day in 2500. Thus we may 
recognise the existence of this medium by its rQsistaaoe to this 
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little '* wbi£F of vapour ;" just as we recognise the presence of 
our own atmosphere by its resistance to a feather, although a 
piece of lead falls through it without showing its effects. On 
this view of the constitution of comets, which every known cir- 
cumstance appears to confirm, ^' we might as well attempt to 
ascertain how far a cloud which is driven against a mountain will 
tend to break off the top, as speculate upon any mechanical danger 
to the earth from contact with a comet. The effect of such a cir- 
cumstance would be the mixture of its gaseous material with our 
atmosphere, causing a permanent rise in the mean height of the 
barometer (though there is no evidence that all the comets put 
together would have mass enough to produce a sensible effect of 
this kind); and, if the gaseous matter should condense suffi- 
ciently to descend to the lower regions of our atmosphere, some 
effect upon animal existence, as likely good as bad.^^ Hence we 
may at once put aside the many speculations which have been 
offered respecting the operation of comets upon our own globe or 
npon that of others ; and consider it almost certain, that a comet 
cannot have had any concern in the creation of our planet, and 
that nothing is to be feared respecting its injury or demolition 
finom such a cause. 

^ Lo ! from the dread immensity of space, 
Returning with accelerated course, 
The mshiog comet on the sun descends, 
And as he sinks below the shading earth, 
The guilty nations tremble. 

Th' cnlighten'd few 
Whose god-like minds philosophy exalts, 
The glorions stranger hail ; they feel a joy 
Divinely great ; — they in their powers exult ; 
That wondrous^ force of thought, which mounting spurns 
The dusky spot, and measures all the sky ; 
WhUe, from his far exenrsion through the wilds 
Of barren ether, faithful to Us time, 
They see the blazing wonder rise anew 
To work the will of all sustaining love/' 

Thomson. 



CHAPTER XX. 

OF THE EARTH'S ANNUAL REVOLUTION. 

654. It has been shown that, by admitting the earth to have 
an annual revolution round the sun, as well as a daily rotation 
on its own axis, we are able to explain all the observed move- 
ments of the heavenly bodies ; and that on no other supposition 
could we account for them so simply and satisfactorily. It has also 
been pointed out, that the phenomenon of the'abeiration of light 
(§. 623) gives exactly that fraof to the supposition, which was 
wanting to render it positively certain. ' It ^vvill now, therefore, 
be treated as an established fact in astronomy ; and its conse* 
queQces will be considered in more detail. 

655. The orbit of the earth is an ellipse, of which the semi- 
axis, constituting the fMan distance (§. 565) of the planet from 
the sun, is about 95 millions of miles ; but when at its/Mrt^tofi 
(or shortest distance from the sun), the earth is about 1^ mil- 
lion of qniles nearer to the sun than this ; and when at its aphdion 
(or greatest distance), it is about 1^ million of miles further off 
than the mean distance. The whole orbit is traversed by the 
earth in 365 days, 6 hours, 9 minutes, 9^ sec. solar time ; that 
is, rather more than 365^ solar days elapse, whilst the revolution 
is being completed, so far as respects the earth's position in regard 
to the stars. This period is termed the sidereal year ; and it 
consists of about 366^ sidereal days ; since, as foiinerly explained 
(§. 454), in consequence of the apparent backward movement of 
the sun amongst the stars, they are about 4 minutes less than 24 
hours in coming to the meridian after one diurnal revolution of 
the*earth, and thus gain exactly a day upon the sun during each 
year. The same effect would be produced by a person's travel- 
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ling continually eastward, or in the direction of the earth's rota- 
tion. When he has completed his circuit of the globe, he will 
have moyed round its axis once more than the earth itself has 
done ; and consequently will have gained a day, — ^not, however, 
by the absolute creation of time, but by the shortening of all the 
other days to make up for it. On the other hand, a person who 
circumnavigates the globe in the contrary direction, loses a day ; 
for by journeying with the sun, each day is prolonged ; and when 
he has completed his circuit, he will have made one revolution 
less than the earth itself has done. Hence, supposing that two 
ships return from voyages of circumnavigation made in contrary 
directions, on a day which is Wednesday to those who have re- 
mained at home, that day will be reckoned as Tuesday by the 
ship which has sailed westwards, and Thursday by the one that 
has proceeded eastwards. The 
missionaries in some of the South 
Sea islands continue to keep dif- 
ferent reckonings, corresponding 
with the different courses of the 
ships which conveyed them there. 
656. If the orbit of the earth 
were circular, the motion of our 
globe would be equable in every 
part of it, so that the length of 
each day (that is, of each interval 
between noon and noon) would 
be the same. But this is not 
the case ; for the velocity of the 
earth's onward movement varies 
considerably in different parts of 
its orbit, whilst that of its diurnal 
revolution remains always pre- '^• 
cisely the same. The mode in 

which this will operate, is shown . -«.^ ^ ^ 

in the accompanying diagram. Fig. i69. 

Let A B represent a portion of the earth's orbit at or near its 

aphelion, and G D a corresponding portion near its perihelion ; 
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then, from the Taryiiig rate of movement which is the lesolt 
of the difference of distance, the earth will occupy the seme 
time in moving from £ to F, that it requires to move through 
the greater length GH. Now when the earth is at E, tibe 
sun is shining directly npon the point a ; and it is consequenilj 
noon at that place. But in traveling towards F, the earth 
rotates on itsazis, so that the point a is carried towards 6 in the 
direction of the arrow, and afterwards again into a position cw- 
responding with a. But owing to the change in the earth's plaoe 
in its orhit, it does not then come directly oppo^te to the sun ; 
for although, when the line a h has returned to its original poei- 
tion ip d h\ the earth has actually made one complete rotatioa 
on its axis, as is evinced hy the direction of V towards the same 
stars towards which h pointed, it is obliged to turn still further 
before the point a! can again be presented directly to the sun, 
which it does not do until it airives at the pontion e. Henos 
the sidereal day, or the time which elapses between either of 
the points a or & quitting their first position, and returning to it 
again in ol h\ is the real measure of the earth's rotation; but 
for obvious reasons, it is more convenient to adopt as our standard 
the solar day, or the time which intervenes between any point 
a quitting its first position, and returning to the same positioa 
as regards the sun, which it does not do until it reaches o. 

657. Now in like manner, as the earth changes its positioB 
from G to H, it makes a corresp<md]ng rotation on its axis, so 
that the line «/ comes into the position 0I fy which is the- same 
in regard to the stars ; and for this movement precisely the same 
time is required as before. But before the point 4 can agfun 
return to its original direction in regard to the sun, it must be 
carried by the earth's rotation, to §• Now it will be observed 
that, as C D is nearer than A B to S, the sun, the movement of 
the earth in the former part of the orbit will be faster than in the 
latter ; and consequently a larger amount of it will be traveraed 
in the same time. The result of this will evidently be, that^ sb 
the earth .changes its place in reference to the sun, more between 
GandH than between E and F, the excess of the solar day over 
the sidereal will be greater in the second case than in the first;— 
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or in other words, the apace between ^ and ffy wliich the earth 
has to fetch np (as it were) in order to brings' again opposite to 
the snn, will be greater than the space a^ c, which the earth has to 
move for the same purpose in this other part of its orbit. Gonse^ 
qoently the interval between noon and noon will be longer than 
tiie average in the second case, and shorter in the first. Conse* 
qnently, as the dock is made to go an average daj, or in other 
words l-d65th part of the number of whole days in the year, the 
sun will sometimes cross the meridian before the noon of the 
dock, and sometimes after. 

658. There are four da3rs in the year in which the noon of 
the sun and the noon of the clock correspond, or very nearly so ; 
these are the 15ih of April, the 15th of June, the Ist of 8eptem« 
ber, and the 25th of December. After Christmas day, the sun 
begins to be behind the clock (the earth being then in the most 
rapid motion), and the difference increases, until it amounts to 
about 14} minutes ; after which it progressively decreases, until 
the two correspond. Between April and June, the sun is before 
the clock ; but the greatest difference is less than 4 minutes. 
Between June and September, the clock is before the sun again; 
but the greatest difference does not much exceed 6 minutes. And 
iasdy, between September and Christmas, the sun is again 
before the clock, said this time to the extent of nearly 16^ minutes. 
Thii^ difference, the extremes of which thus amount to nearly 
31 minutes, is known as the equation of time; and its amount 
for every day in the year, is set down in most almanacs, so that in 
keeping a clock by the sun, the proper allowanc^should be made* 

659. The hour of noon may be ascertained with a con- 
siderable degree of exactness, without a transit instrument, by 
erecting some fixed mark which shall throw a pointed shadow ; 
if a line be drawn firom it through the point of the shadow 
at ilie exact time of noon, as fixed by a good clock (the proper 
allowance being made for the equation, if any) the point of the 
diadow will always fall in some part of that line at noon, and 
will thus enable the clock to be regulated much better than by 
-an ordinary sun-dial. The more distant the point of the index 
is from the surface on which its diadow falls, the quicker its 
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shadow will move ; and consequently, the more accurately may 
the time of the sun's passing the meridian line be noted. Such an 
index may be very well constructed in any ordinary room haTing 
a southern aspect, by fixing a narrow slip of card or other opaque 
material on the window, and drawing the meridian line on the 
floor ; or, which is still better, making the index to consist of a 
piece of thin metal, having a slit in its middle, through which 
a narrow beam of light may pass ; • the metal will throw a 
deep shadow, and the beam which issues from the midst of it 
will play over the index-line, in such a manner that the time of 
the sun's passing the meridian may be noted, to within a few 
seconds of the truth,-— a degree of exactness quite sufficient for 
all ordinary purposes. In some cathedrals, such a line has been 
marked along the floor, by marble of a different colour from the 
pavement, inlaid, so as not to be effiiced ; and the beam of light 
has been admitted through a narrow chink in the wall at a great 
height. 

Of the Secuom. 
660. If a globe like the earth receive light from a large 
luminary, such as the sun, it is evident that the light will M 
upon half of its sur&ce at once, and that the other half is in the 
dark. This inay be easily proved by the simple experiment of 
holding a small globe, an orange, a ball of worsted, or anything 
that has a. globular form, near a lamp or candle, no other light 
being allowed to fall upon it at the same time. — But the part 
of the globe-which will be illumined, will depend upon the man- 
ner in which it is held. Thus, suppose. in the first instance that 
it be held on a level with the lamp, — ^the light will then fall 
directly on its equator, and the illuminated hiemisphere will just 
extend to each pole. Now if the globe be made to turn round, 
as by suspending it from a string passing through its poles, U 
will be seen that every part of the globe is turned towards the 
light during exactly half its revolution; and if :we carry oui 
globe in a circuit round the lamp, causing it to continue rotating 
at the same time, the same will occur in every part of its revolu- 
tion. But if we hold the globe rather (ibove the lamp» the under 
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part of it will receive more light, and the upper lees ; and on 
making it revolve, we shall see that the south pole and the parts 
surrounding it, are continually enlightened, whibt the north pole 
and itsneighhourhood are in constant shadow. On the other 
hand, if we lower our glohe a little, so that the light falls more 
upon the upper part of it, and then make it revolve, the north 
pole and the parts near it remain constantly in the illumined 
hemisphere, whilst the corresponding parts ahout the opposite 
pole remain in continual shadow. 

661. Hence we see that, if the axis of the earth were so 
directed, that, during the whole of its annual revolution, the rays 
of the sun fell directly upon its side, the illumined hemisphere 
would extend to each pole alike, and the length of the dajns 
and nights would he constantly the same : and a like quantity 
of the light and warmth of the sun would fall upon any point of 
the earth's surface, during the whole of its annual revolution, so 
that there would he no variety of seasons. Of all the changes 
which are sources of so much benefit and happiness to the living 
creatures that people our globe, there would be none, if the 
earth's axis were perpendicular to the plane of its orbit round the 
sun. Its simple inclination to the amount of about 23^ degrees, 
and its continuance in the same direction during the whole of 
the earth's circuit round the sun, is enough to convert the uni- 
form monotony of an unvarying state, into the pleasing variety 
of spring, summer, autumn, and winter. For it will easily be 
perceived to be ^immate- c 

rial whether, keeping the ^■^■^^- w^""*""-^^ 

axis upright — as in the y^^ ^4s>^ ^^^v^^ 

experiment just referred h^^ /^. 

to — we cause the orbit to BfO ■• VJW 

rise above the level and ^^ ^r 

sink below it, alternately; X^^^^ ^^ ^^^^ 

or whether, keeping the ^ — ^ — ' 

orbit level, we slope or d 

incline the axistowards it, F'o. 170. 

so as to turn, sometimes the north pole, sometimes the south, 

and sometimes both equally, towards it. In Fig. 170 it is shown 
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how the chmge ia the ■oiwnD, and in the length of the day and 
night, la thus prodnoed. lliii figiite represents the orbit of 
the elorth, atid the earth itself as seen in perspectave in four 
different positions. The uds, terminated by the two poles, 
ii shown to point, in all^ in the same direction ; and in all, 
the illuminated portion of the earth is shown, as it would 
ftppjMT to n speotator locdung from the nearest side. Thus at A 
and B, exactly half of the illominated face is seen ; whilst at G, 
ihe^whole of it is turned towards the observer, and at D it is 
entirely tamed away. 

*" 662. Now, from the inclined position of the earth's aads, it 
is seen, that in the position A, the sun does not shine directly 
upon the equator, but upon a point below it ; and this point is 
at just the same distance from the equator, as the poles are from 
the vertical Une, namely 23^ 88^. As the earth rotates, ereiy 
point at that distanoe from the equatcnr successively passes be- 
neath the sun, which, to the inhabitants living on this circle 
(termed the Tn^io of Capricorn) appears directly above theb 
heads at noon-day. Again, it is seen that the south pole, and 
the whole surftM^ included within a circle drawn at a distance 
of 2^ degrees from it (termed the Antarctic circle) is in the 
enlightened hemisphefe ; and consequently, the earth's rotation 
produces no night to them, but the sun remains above the 
horitxm during the whole 24 hours ; and mid-day is not to be 
distingubhed from mid-night, except by the greater height to 
which he rises in the sky, and by the part of the horixon above 
which he is seen. On the other hand, the north pole, and the 
space included within the corresponding (or Arctic) circle, 
remain, during the whole daily rotation, in the unenlightened 
iiemisphere ; and the inhabitants of these regions lose sight of 
the sun for many days and weeks together. At all parts of the 
earth which are to the north of the Tropic of Capricorn, the sun 
will rise 23^ degrees lower in the sky at noon-day, than he does 
when shining on the equator ; whilst to all who are on the south 
of it, he appears to rise higher by the same amount. It will 
also be plain that, as by ihr the larger portion of the southern 
hemisphere is in the illuminated half, the days will be long ; 
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whilst in the northem hemiBphere ihef will be short, a large 
proportion of it being on the darkened side* The ehwtneaB of 
the days, and the low elevation which the enn attains in the skj^ 
together prevent him from ezeHing his genial influence upon 
the northem h^iBphere ; whilst it is folly bestowed upon the 
soath^rn. Hence in this position of the earth, it is summer in 
the southern hemisphere, and wiiiter in the northern. 

663. At B, however^ it is just the reverse ; for the sun is 
now shining directly upon the Tropic of Cancer, a circle 23^ 
ddgxees north of the equator ; consequently, the north pole is 
exposed to his continued influence, whilst the south pole is 
withdrawn from it. The days are longer in the northem hemi«> 
sphere ; and in all parts of it the sun rises 23^ degrees higher iik 
the dcy, than when he is shining on the equator ; so that it is 
summer in the northem hemisphere, and winter in the southern. 
But, in the positions C and D, the earth's axis is neither turned 
away from the sun nor directed towards him ; so that the poles 
are at an equal distance firom him, end the illuminated face 
divides each hemisphere equally. At these periods, the days 
and nights are equal all over the globe, und they are termed 
the equinoMt;* whilst the extreme summer and winter positions 
A and B are called the iokiieet.f The dajrs and nights are 
always equal on the equator ; since this line is always divided 
equally by the boundary between the illuminated and unillu- 
ininated halves ; which can be said of no ether oinile ^at ena be 
drawn upon the earth's surface. 

664. Owing to the lilct, that in our winter, the earth is in 
the part of its orbit nearest to the 6un, and its fenotion therefore 
more rapid than in Uie summer, the interval between the 
aimtumntd and tem€d equinoxes, which occur on the 2l8t of Sep^ 
tember and 21st of March, is nearly 8 daye shorter than that which 
elapses between the vernal and autumnal. Hence it is that our 
month of Febraary is so mudi shortened ; and that there Itfe 
only three months of 31 days m the former fperiod, whilst there 
are four in the hitter. 

* "NLeamng equal nights. 
i* Mtening that tbe son appetfs to be ststionaiy at I^Me point*, ndthct (iabg 
MflMr awiiBklDg low«r^ in ny comidtnbU dtgi^t ^r ■ f«w iifi. 
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665. The points of the earth's orbit at which the equinoxes 
occur (namely, the nodes at which a plane passing through the 
equator would cut that of the ecliptic) do not alwa3r8 remain the 
same; but are in fact themselves undergoing a regular reyolu- 
tion, in a direction contrary to that of the eurth's motion in its 
orbit, which will require a period of 25,868 years for its com- 
pletion. Hence the equinoctial points come, as it were, to meet 
the earth; and as our year is measured, not by a sidereal 
revolution of the earth (§. 655), but by the re-commencement of 
the same series of seasons, which must take their date from the 
equinoxes and solstices, our ordinary or tropical year (as it is 
scientifically termed) is shorter than the sidereal year by 20 min. 
20 sec.; and thus it is reduced to 365 days, 5 hours, 48 min., 
and about 49^ sec. This curious phenomenon is called the 
prece$non of the equinoMB; and it may be regarded as resulting 
from a kind of very slow conical revolution made by the earth's 
axis itself, much resembling that which the spindle of a top or 
tetotum makes when just beginning to be unsteady. This 
revolution, which occupies the immense period just mentioned, 
gives to the equator a sort of tilting motion, such as the flat 
surfiftce of a tetotum has in the case jiut alluded to ; and this will 
manifestly produce a continual change in the position of the 
points at which it cute the plane of the ecliptic. 

666. This change may be reckoned among those perturba- 
tions already referred to (§• 582), which, although never ceasing 
to take place, do not increase, but keep within a certain limit. 
Its cause is the attraction of the sun for the mass of matter 
which is about the earth's equator ; and its effect is to occasion 
a gradual change of apparent place in all the heavenly bodies, as 
reckoned from that point of the ecliptic at which the Temal 
equinox occurs. When the place of the stars was first compared 
with that of the sun, it was observed that the vernal equinox 
took place as the son enters the constellation Aries ; but it now 
occurs when the sun has reached a point in the Zodiac thirty 
degrees to the west of Aries, though, for the sake of conyenience, 
astronomers stiU speak of that point as the commencement of 
Aries. One of the most remarkable changes in the apparent 
place of the stars, is that of the bright star in the Lesser Bear, 
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which, being nearly in the place towards which the axis of the 
earth is at present directed, we call the Pole-Star. At the time 
of the construction of the earliest catalogues, however, this star 
was 12^ from the pole ; it is now within 1^° of the real pole of 
the starry sphere, and it will approach to within half a degree ; 
after this it will again recede, and others will come into its place. 
When about 12,000 years shall have elapsed, the star a LyrsB, 
the brightest in the northern hemisphere, will come nearly into 
the position at present occupied by the Pole-Star. 

TJie Calendar. 
667. The regular successive change in the seasons, appears 
to have suggested, at a very early period, the establishment of 
that division of time which we call a year ; and the ancient 
Egyptians fixed 365 days as its length. It is said that they 
were led to this, by observing the periods at which the shadows 
thrown by their obelisks at mid-day, were at their greatest and 
least lengths. The greatest length of the shadow at noon would 
of course occur, when the Sun attains the least height in the sky, 
which is also the period of the shortest day ; while the shortest 
shadow will be thrown, when the Sun's height is the greatest, 
which is at the time of the longest day. Hence, by marking 
the points of either the longest or shortest shadows, and observ- 
ing the number of days which elapsed between the times when 
they recurred, the length of the year might be determined ; and 
it is recorded that they fixed it, by a series of such observations,* 
at 365 days. This year they regarded as consisting of 12 months^ 
each composed of 30 days; and the 5 remaining days were 
added at the end of these. The Romans, however, appear to 
have taken the Moon'^s revolution as their standard ; and made 
the year to consist of 13 lunar months, or 355 days, adding 
other days as they seemed to be wanted to bring up the year to 
the standard of the seasons. In the time of Julius Csosar, the 
error had amounted to as much as 90 days ; and when he under- 
took the reformation of the Calendar, he was obliged to make 

* Any Mingle oinervation would be liable to error ; since tbe sun's declination 
alters verj little for two or three days together, at the time of the solstices (§• 663). 
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the year 46 b. c. consist of 455 days, that the next might com- 
mence properly. At that time it was known, that the length 
of the solar year is about 365;^ days ; and it is to him that we 
are inddbted for the neat contrivance, of introducing an intercalary 
day every fourth year, so that the whole number of da3r8 in four 
years is not 1460, but 1461 — ^which would correspond exactly 
with the reality, if the excess of each year above 365 days were 
precisely a quarter of a day. It was Julius Csdsar, also, who 
adopted the plan of commencing the year with the 1st of Janu- 
ary. Before this reformation, it had dated from the vernal 
equinox ; and he seems to have fixed the 1st of January as the 
commencement of the year 46 b. c, merely because it was the 
day of the first new moon after the preceding winter solstice. 
This mode of reckoning is termed the Julian Calendar. 

668. It is evident that, as. the year adopted for the standard 
of the Julian rule was l-4th of a day above 365 d^ys^ and the 
real year is not so long by about 11"^ 10* (§. 665), the interca- 
lation of a day in every four years was an ot^r correction ; and 
it was perceived, after the lapse of nearly 1500 years, that the 
equinoxes no longer corresponded vnih the days on. which they 
ought to have invariably occurred, but took place several days 
before the proper time,-^tKe real year being tiius in advance of 
the Calendar year. From this it was evident, that the Julian 
rule must be in some degree altered ; and the reformation was 
made by Pope Gregory XIII. in the year 1583. In ord^ to 
bring the calendar and the sun together, it was. then necessary to 
omit 11 days (which was the number that had been wron^y in- 
serted) ; and a rule was made for its future rogation, whidi 
will serve to prevent any similar error for many ages to come. 
This rule will be immediately explained. The Gregorian Caien* 
d'ar was immiediately adopted in Cattiolic countries; but in 
Britain, the error was suffered to continue and increase, until 
the middle of the last century, ivhen it amounted to 11 days, 
which were strack out of the month of September, 1752. It 
was not until this period, that the year was made to date from 
the Ist of January ; and the two alterations together constitute 
the difference between the old style and the new style. The 
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date we should assign to any previous event, which happened 
in the months of January, February, or March (up to the 
21st), depends upon the style we adopt* Thus the beheading of 
Charles I., which took place on the 29th of January^ was in the 
year 1648 old style, sincQ thai year did not close until March 21 ; 
but it would be in the year 1649 new style, and as such it 
is usually reckoned. Russia is now the only country in Europe 
in which the old style is still adhered to ; and the difiference 
between the European and Russian dates now amounts to 
12 days. 

669. The Gregorian rule for the insertion of the intercalary 
day consists of three distinct parts. This day is (1) to be 
added, as by the Julian rule, to eveiy fourth year; except (2) 
when that year is the commencement of a century ; but (3) if 
the number of that century is divisible by 4, the addition is still 
to take place. — ^This rule works thus. We ascertain the leap^ 
year (1) by dividing the number of the year (or, which is the 
same thing, the two last figures of it) by 4 ; if there is no re- 
mainder, it is a leap-year ; but if there be a remainder, it shows 
the number of years that have elapsed since the last leap-year. 
For instance, when the number of the present year, 1843, is 
divided by 4, the remainder 3 is left ; by which we know that 
3 years have elapsed since the last leap-year. The next year, 
1844, will be a leap-year, that number being divisible by 4 
without a remainder. — But as this correction is too great (2), 
the first year of the century is not made a leap-year, so that there 
are only 24 years of 366 days in the century, instead of 25. — 
But this correction is a little too great the other way, reducing 
the number of leap-years too low ; and therefore (3) every fourth 
secular year* receives the additional day. Thus, although the 
years 1700, 1800, and 1900 would not be leap-years, as by the 
Julian rule they would have been, the year 2000 will be, since 
the number of its century (20) is divisible by 4. By following 
this simple rule, a vast period must elapse before the calendar 
can be again disturbed. For it is easily calculated that 10,000 
Gregorian years will condst of 3,652,425 days ; whilst 10,000 

* That is, a period of a centary, from the Latin scBculutny an age. 
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real years will consist of something less than 3,652,422^ days ; 
so that the difference between the two periods is very little more 
than 2^ days, which is almost exactly equivalent to one day in 
4000 years. Even this might be corrected, if it ever became 
necessary, by omitting, every 4000th year, the intercalary day 
which by the Gregorian rule is inserted every 400th year ; but 
the rule, as it stands at present, will be probably sufficient for all 
human purposes. 



CHAPTER XXI. 
OP THE MOON. 
670. The ihortnese of the distance between the Earth and tlio 
Moon, as compared with the vaat diatancea of all the other 
beavenly hodies from our globe, is a sufficient reason why she 
should appear to ns to cover the largest surface of the sky, 
although she is really the smallest of all the luminaries which wo 



can discern with the unaided eye. And for the same reason, «.« 
are better acquainted with lier constitution, than we are with 



544 TELESCOPIC APPEARANCE OF THE MOON. 

that of any other of the heavenly bodies. A well-constructed 
telescope, magnifying a thousand times (and there are instru- 
ments of higher power than this), enables us to see the surface 
of the Moon, as if we were situated at no more than 237 miles 
above it. ' With an instrument of much inferior power, it can h% 
plainly seen that the surface is extremely unequal, — that there 
are, in fact, high mountains and deep valleys in the moon, — and 
that many of the mountains are so volcanic in their aspect, that 
it is difficult to believe them to be anything else. These moun- 
tains are best distinguished, by observing the border of the moon 
which is turned away from the sun, and which, during the time 
of the moon's incarease, is gradually receiving the sun's light ; 
this border is not smooth, like the other, but presents a number 
c^ little islets of light, separated from the remainder of the lumi- 
nous surface by a dark interval ; but as the illuminated surface 
ezitends, they gradually become united with it, the dalrk inta*val 
disappearing. Now, this interesting phenomenon can be nothing 
else than the illumination of the tops of the mountaius' by the 
sun's rays, whilst the valleys and level ground between them 
remain in shadow ; and it corresponds exactly with the appear- 
alflces which we may witness on the surface of our oWn earth, 
by watching a sunrise in a hilly country. 
* '(^71. ' As long as they remain near the illuminated edge, these 
mountains cast distinct shadows, owing to the obliquity with 
which' the sun's light then falls upon them ; but at the time of 
f&ll mooti, when the sun^s light falls directly upon the whole of 
the fnice which is turned towards us, these shadows are itio' longer 
t& be seen. By measurement of the length of these shadows, it 
has been calculated that the height of some of the mountains in 
the moon is about If miles ; which bears a greater proportion to 
the diameter of the moon (2160 miles), than the height of the 
loftiest mountains upon our own globe does to t^ diameter. 
There are several large tracts, which are perfectly level, and 
which would seem, therefore, to have an alluvial* 'ch&rsLcier; 

* This is the geological terna for those deposits which have evidently, from the 
flatness of their sur&ce, been formed by the action of water.— See Treatisb ok 
GaoLooY. 
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but nothitig like an extensive surface of water has ever been 
discovered. The absence of any large collection of water is also 
proved, by the absence of anything like clouds floating over the 
surface of the moon ; and by the perfect sharpness and clearness 
of her edge. If an atmosphere existed round the moon, some 
manifestations of it could not fail to be discovered, when her disc 
passes over the sun or the stars. Now the day and night, at 
any spot of the moon's surface, are each (as will be presently 
explained) of a little more than a fortnight^s duration ; and con- 
sequently, there will be an uninterrupted sunshine for the whole 
of that period, succeeded by night of equal length, cheered only 
by the brilliant moonligM which will be reflected with like con-i 
stancy from the surface of our Earth. The day will be fiercely 
hot ; whilst the night will be chillingly cold ; and the constitu- 
tion' of living beings, whether plants or animaU, adapted to such 
a climate, must be very different from ours. 

672. The Moon revolves round the Earth in an elliptical orbit, 
at a mean distance of about 237,000 miles ; and the excentricity 
of this orbit is such, that she is about 26,000 miles nearer to the 
earth at one time than at another. When at her nearest point, 
she is said to be in perigee (from two Greek words meaning 
near the earth) ; and when at her greatest distance from it, she is 
said to be in apogee (from two Greek words meaning from the 
earth). The line joining the extreme points of her orbit doeii 
not constantly point to the same part of the heavens, as is the 
case with the similar line passing through either of the orbits 6f 
the planets ; but it is continually varying (§. 680). The mootk^$ 
orbit is inclined to that of the earth 5"" 8' 47'^; and the line 
joining the nodes also has a regular movement, instead of con- 
stantly pointing in one direction,— -a circumstance which lijE» 
great influence over the succession of eclipses (§. 680). These 
variations are among the perturhatioiu resulting from the Earth's 
attraction. — Although the Moon is said to revolve about th6' 
Earth in an elliptical orbit, yet this would be strictly true ahly 
if the earth were at rest, and her actual path is very diflbrent ; 
for, as the earth is at the same time travelling round the siln, 
and as she is carried with him by the same forces, her line of 
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moYement is made up, as it were, of his large ellipse and her 
small one combined ; and it would be represented hj drawing a 
wavy line along the earth's orbit, sometimes passing to a short 
distance on one side of it, then crossing it, and bending as much 
the other way. 

673. The Moon completes her revolution round the Earth,— 
that is, she returns to the same place among the stars, — in about 
27 days, 7f hours ; but the interval between new moon and new 
moon, or between full moon and full moon, is about 29 days, 12f 
hours. The reason of this difference is, that the times of new and 
full moon depend upon the position of the moon in regard to the 
sun ; the former happens at her eonjunotion^ the latter at her 
oppotitum. Now supposing the sun and moon to have been in 
conjunction at a given time in a particular part of the heavens, 
$he will return to the same point in about 27^ days, but he will 
have left this situation in the mean time, and will have per^ 
fpm^^d about l-13th of his annual circuit amongst the stars 
(§. 547). The moon, therefore, must pass through this space, 
and rather more, before she can overtake him and come into 
conjunction again; and to do. this, occupies about 2 days, 5 
hours. This may be familiarly illustrated by the movement of 
the hands of a clock or watch, of which the minute-hand may 
be compared with the moon> and the hour-hand with the sun. 
They are together, or in conjunction, at 12 o'clock; and, by 1 
o'^clock, the minute-hand has ])erformed a complete revolution ; 
but it does not again come into conjunction with the hour-hand 
until 5-s^ minutes past 1, at which time the two are together as 
before. The length of the actual revolution of the moon round 
the earth is called its sidereal period, or that of its periodic revo-» 
lution ; whilst the interval between two new or full moons, is 
termed that of its synodic revolution. 

674. During each revolution round the earth, the moon 
turns exactly once round on her own axis ; the consequence of 
which is, that the same face is always presented to t», whilst 
different sides are successively turned towards the sun. It is 
not easy to understand, how a single rotation of the moon on her 
axis will produce this effect ; but the fact is easily proved by a. 
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simple experiment. Take any object, a book, a box, or an ink- 
stand, and carry it in a circle round that other ; it will be found 
that, if no twisting motion be given to it by the hand, different 
sides of it will be progressively turned towards the central body; 
and that it will be necessary, in order to keep the same side 
towards that body, to give it a kind of twist, as it is moved 
round, which will in fact turn it once round upon its own axis 
during each revolution. It will also be observed, that this same 
twist has the effect of turning different sides towards any body 
at a distance. If the moon had no such rotary movement, 
her different sides would be turned, one after another, to the 
earth ; but the same face would be constantly presented to the 
sun ; so that only the inhabitants of that hemisphere would 
enjoy his light and warmth ; whilst those of the other side would 
exist in perpetual darkness, unless when faintly illumined by 
the light reflected by our earth. Though it has been said that 
we always see the same face of the moon, this is not strictly 
correct ; for we sometimes have one side a little more turned 
towards us, sometimes the other, in consequence of the varying 
rate of the moon^s motion in her orbit, which does not always 
correspond with that of her rotation on her axis; whilst we 
sometimes see a little further over her upper edge, sometimes a 
little further over her lower, in consequence of the inclination of 
her orbit to the ecliptic, which causes her to be either raised 
above or sunk below its plane, during each revolution. This 
slight apparent movement of the moon, giving rise to a change 
in her aspect, is termed her libration* 

Eclipses. 

675. Eclipses, like comets, were formerly objects of popular 
terror; and they still are so among savage and half-civilized 
nations ; but it is now universally known, among all those to 
whom the light of science has extended itself in even a very 
faint degree, that these phenomena are but the necessary conse-' 

- * The term libration means balancing ; and the idea which it was intended to 
express, was that of a kind of oscillation to one side and the other, like that made 
by a balance when coming to rest. 
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quences of the laws of nature, and that they can be predicted 
with as much accuracy as the return of day and night. This 
was effected ev^en by the Chaldeans of old, as it has since been 
by the Chinese ; in both there was an equal ignorance of the 
came of eclipses ; but attentive observation, prcdonged through 
a great number of years, was sufficient to enable them to foretell 
eclipses with tolerable accuracy, since (as we shall presently see) 
the same id of eclipses recurs, with little variation, every 
eighteen years and a half. 

676. When the Moon, in her monthly revolution, passes 
directly between the earth and the sun, she necessaxily hides 
from us a part of the suns light, being an opaque body through 
wliich it cannot pass. Familiar observation teaches us, that a 
very small body may completely obscure a very large one, pro- 
vided that the former be close enough to the eye. Thus, with a 
sixpence held near the eye, we may cover the whole disc of the 
sun or moon. Hence the moon, though so extremely small in 
oomparison with the sun, as not to bear the proportionof a mode- 
rate pin^s head to a globe two feet in diameter, is able to obscure 
the whole of his light, if situated at her point of least distance 
from the earth, directly between the sun and any spot on its 
surface. On either side of this spot, a portion only of the sun's 
disc will be obscured; and as we proceed further and further 
from it, the obscuration is less and less, until it ceases altogether. 
This will appear from the accompanying diagram, in which S 

represents the 
/ sun, L the 

moon, and E 
the earth. If 
we draw lines 
from the edge 
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disc so as to touch the corresponding edges of the moon's, we 
shall find that they will meet in a point a little within the 
earth's surface ; these lines will be the borders of the deep 
shadow produced by the moon ; for in all the space which they 
include, the sun will be totally obscured. But if we draw lines 
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from eaoh margin of the sun's disc, along the opposite edges of 
the moon's, we shall find that these include a much larger space^ 
which is that where a fainter shadow will fall, in consequence of 
the partial obscuration of the sun. The deep shadow is termed 
the umbra / and wherever it falls, there will be a total eclipse of 
the sun. The fainter shadow is termed the penumbra; and 
wherever it &lls, there will be a partial eclipse of the sun ; 
more of his disc being hidden from those who are near the 
borders of the umbra, and less from those who are near the 
edges of the penumbra. Hence no eclipse of the sun is total 
over more than a small spot on the earth's surface ; but it is 
partial over a much larger extent. 

677. As the moon passes every month through that part of 
her orbit which lies directly between the earth and the sun, the 
question naturally arises, why a solar eclipse does not take place 
at every new moon. The answer to this is very simple. If the 
moon's orbit were on the same plane with that of the earth, this 
would occur ; but it is inclined at an angle of rather more than 
5°; consequently, when she is at any considerable distance from 
the nodes, her position at the time of conjunction is not exactly 
in a line joining the earth and moon, but either above or below it ; 
and a solar eclipse can only take place when she is at or near one 
of her nodes, in this part of her revolution (§. 561). If she be at 
or very near her node, her centre will be in a line joining that of- 
the sun and some spot on the earth''s surface; and consequently 
her umbra will fall upon it, and the eclipse will be total at that 
point. But it more frequently happens, that she is at such a 
distance from her node, that the point of her umbra falls either 
a little above or a little below the earth ; and hence the eclipse 
is nowhere more than partial. Moreover, if the moon should 
happen to be at her greatest distance from the earth, under 
circumstances at which a total eclipse would have otherwise 
occurred, the point of her umbra will not reach the earth ; and 
consequently she will not completely cover the sun'*s disc, but 
will leave a ring of light around, thus producing what is termed 
an annular eclipse. 

678. A solar eclipse is, of course, only visible on that side 
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of tl|e earth at which tbe sua himself is seen ; btmoe oS aU tha 
Bolar eclipses which actually occur, those that are visible to soma 
of the inhabitants of one hemisphere will be probably about 
half; whilst those that are witnessed by the inbabituits of a 
parUcular spot on either hemisphere will be bomparatiyely few. 
Consequently, although there are seldom less than two solar 
eclipses in every year, they seem to be rare phenomena ; and it 
is still rarer for an eclipse to he either total or annular, on 
account of the number of different conditions which most concur 
to produce these interesting speotacles. The apparent diameter 
of the moon, when the greatest in consequence of her proximity 
to the earth, only exceeds that of the son by about 1^ minute of 
a degree ; consequently, a total eclipse cannot last a longer time 
at any place, than is requisite for the moon to travel through 
this space, which is equivalent to about 3^ minntea of time. 
This period is sufficiently long, however, to produce a vary 
striking effect upon the animated creation ; birds, cattle, horses, 
and even men, experience a wnsation of horror which can 
scarcely be accounted for ; and the return of light gives a podtive 
feeling of relief. 

679. The Earth, like tbe moon, projects a shadow behind it; 
twd tbe umbra of this shadow, in consequence of the enrth's 
greater size, is a much larger cone, the point of which extends to 
800,000 miles beyond the earth, and thus reaches far beyond the 
(Hrbit of the moon. In the accompanying diagram, the limits of 



the earth's umbra and penumbra are laid down, precisely as 
in tbe case of the moon in the last Figure; and it is obvious that, 
when the moon is in opposition, if she be at the same time at 
or near one of her nodes, she will pass into the earth's shadow. 
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and will thus be eclipsed by the interruption of the sun's light. 
As the earth's shadow is so much larger than the moon's, it 
might be supposed that the moon will be eclipsed by the earth 
much more frequently than the sun by the moon ; and this, to 
an inhabitant of the moon, must be the case. But viewing 
the moon as we do from a distance, we only see her eclipsed, 
when she enters the earth'*s umbra; for, so long as she is only in 
the penumbra^ she suffers a general diminution of light, without 
any portion of her disk being completely cut off from the sun's 
rays, which only happens when it is within the umbra. The 
moon is totally eclipsed, when she passes completely into the 
earth's dark shadow; and at that time, the sun would be 
completely eclipsed to an obseryer upon any part of the moon's 
surface, — ^the earth's umbra being sufficient to cover it all, instead 
of being confined to a mere spot, as is that of the moon upon our 
globe. Indeed it requires two hours for the moon to move 
through the broadest part of the earth's shadow ; and she may, 
therefore, remain totally eclipsed for that period. Her disc is 
seldom, however, completely obscured; for some of the solar 
light generally reaches it, through the refracting influence of our 
own atmosphere. 

680. It has been mentioned, that the line joining the nodes 
of the moon's orbit does not continue to point in the same direc- 
tion; but that it moves backwards (or in direction contrary to 
the moon's revolution) every year ; and consequently, when the 
moon has travelled once round the sun in attendance upon the 
earth, her orbit has passed its first position ; and, if its node was 
originally opposite the sun at the moon'*s conjunction or opposi- 
tion, it will not be so again, when the earth and moon have 
returned to a position in their respective orbits which is other- 
wise the same. The series of eclipses becomes, therefore, different 
for each year, during a considerable period; but 'the same series 
recurs, with little variation, after an interval of 6585 days, or 

18 years and 10 days. For in that period there are exactly 

19 synodic revolutions of the line of the nodes ; — ^that is, each 
node has passed between the earth and the sun 19 times. And 
in the same period^ there are exactly 223 synodic revolutions of 
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the moon, or Innatioiis; so tbat the moon letnms, after that 
interYaly into the same place with regard to the snn, the earth, 
and the nodes of her orbit, that she had at first ; and the same 
series of eclipses will recnr with extremely litUe Tariation. 
The line of the greatest and least distance of the moon from the 
earth (which is called the line of the apddss) also revolves once 
in about 9 years, or twiee in this cycle of 18 years, so that the 
moon returns to the same position with respect to her distance 
from the earth, as well as with regard to the conditions just 
mentioned. 

Tide». 
681 . The ocean covers more than half the globe of the Earili ; 
and this large body of water is in continual motion. With a few 
exceptions, arising from local peculiarities, the surface of the 
water at any point rises and falls twice within each 24f hours ; 
and this alternate rise and fall occasions an almost incessant cur- 
rent, which is more powerful, however, in narrow chaxmels thus 
in the open sea. These phenomena are easily explained upon 
the general principle of mutual attraction. Neititer the Sun nor 
the Moon can act upon the solid parts of our globe, so as to 
change their place, in any other way than by moving the entire 
mass. But they can draw up the water towards themselves ; 
and in this manner they produce a considerable change in its 
level. Notwithstanding the enormous size and attractive force 
of the sun, as compared with that of the moon,- his influence over 
the ocean is reduced by his distance to not more than a ^third of 
hers ; and therefore the rise of water occasiiHied by the moon^s 
attraction, is that which we have chiefly to coiisidw as the cause 
of the tides. The manner in which this operates is shown in 'the 
accompanying diagram* Let ahcd represent the earth; and 
let « represent the moon. Then 
as the attraction of the* moon for 
the water at d is greater than for .^| 
the water at the itior^ 'distant 
parts a and e, and greater alao thab 
!6r the massdtf tha mHAt' itsdC 
(since the attraction iti^ be est^ ^^^ ^74> 
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mated as operating upon the earth'^s centre), the water will he 
drawn up into a heap at J, producing a high tide there. As the 
earth revolves in 24 hours, every part of it would he thus ex- 
posed once to the influence of the moon, in the course of a day 
and night ; hut in the mean time, the moon has changed her 
position hy travelling onwards in her orhit ; so that the period 
which elapses hetween the times, when each part of the earth 
passes directly heneath the moon and again becomes opposite to 
her, exceeds 24 hours by about 50 minutes. 

682. We can easily understand, then, why <me high tide 
should occur on every part of the Earth's surface, at intervals of 
24^ 50°" ; but it remains to be explained why there should be tto^ 
during the same period. The moon's attraction for the water at 
dy exceeds its attraction for the mass of the earth, on account of 
the difierence in their distance from e of the point d and of the 
earth's centre; but just in the same proportion, does the attrac- 
tion of the moon for the mass of the earth, as exercised upon its 
centre, exoeed that which it has for the water at b; conse* 
quently the earth is drawn away from it (as it were), or, in 
other words, the water is left. behind, and rises into a heap, just 
as it does at d. Hence in whatever part of the earth there is a 
high tide, there is a corresponding high tide on the opposite 
side ; whilst there will be a drawing, off of the water from the 
points a and e^ producing low tide there. Hence as the earth 
makes its . daily revolution, every portion of its surface passes 
under two points of high tide, and two of low tide; but its tides 
are about 50 minutes later each day, for the reason already spe-» 
cified. 

683. Now it is when the Sun's influence is joined to that of 
the Moon, that the .tides are raised to their greatest height, and 
that their ebb is: proportionally low ; they are then called spring 
tides. This occurs at new and full moon ; for in either of these 
positions the sun, moon, and earth have their centres nearly in 
the same line ; and conseqneatly the mm and . moon are both 
acting to produce high water ia the same points. Bui when the 
moon is /in her quarters, she will be causing h^h: watery, where 
the sun's tide would be producing low watec;. consequently her 
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influence will be partly neutralized by that of the sun. The 
tides will then neither rise so high, nor fall so low ; and they 
«re called neap tides. The sun's attraction is capable of raising 
the level of the water about 2 inches for every 5 inches that it is 
raised by the moon's influence ; and consequently the rise, when 
both are acting together, as at spring tide, will be to the rise 
at neap tide, when they are acting' in contrary directions, as 
7 to 3. 

684. The highest tide does not take place at any point, how- 
ever, exactly when the moon is on the meridian of that point, but 
at least three hours afterwards. This is occasioned by the fric- 
tion and inertia of the water itself, and by the various obstruc- 
tions it meets with ; by which the wave is prevented from tra- 
velling round the earth nearly so soon as it would do, if the 
moon'^s attraction were not thus opposed. Hence, though the 
tide-waves follow one another at regular intervals of 12^ 25™, 
each individual tide-wave may be several days in travelling 
through all the parts over which it extends itself. Thus it is said 
that in the river Amaason there are at the same time 7 high and 
7 low tides succeeding each other. If we trace the tide-wave 
that comes to Britain from the Qerman Ocean, we shall fipd 
that, if it produces high water at Dover at 12 o'clock, it will 
not arrive at London-bridge until 51 minutes past 2, though it 
will have reached Brighton a;t 36 minutes past 12. It will oc- 
cupy more than 3 hours more to arrive at Falmouth ; and 2 
hours more still to reach Bristol ; so that the travelling of the 
tide-wave from Dover to Bristol really occupies just 8 hours. 

685. The height to which the water rises in any place, 
depends, like the time, upon local circumstances. Thus in lakes 
there are no tides, because their surface is so small that it is all 
equally attracted by the moon. Neither are there perceptible 
tides in the Mediterranean, nor in the Baltic ; because these 
inland seas are in the condition of great lakes ; the openings by 
which they communicate with the open ocean being so narrow, 
that they cannot receive from it, in so short a time, a quantity of 
water sufficient to make any great alteration in their level. On 
the other hand, in the Bristol Channel, which has a wide month 
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like that of a fannel, the tides are remarkahly high ; the differ- 
ence in th^ level of high and low water at spring-tides being 
often 50 feet perpendicular ; and at Annapolis, in the Bay of 
Fundy, the tide is said to rise 120 feet. 

Phases of the Moon. 
686. Although the Moon, during her monthly revolution 
round the Earth, always presents the same face towards us, yet 
that face undergoes a series of remarkable changes in the degree 
of illumination which it exhibits at different parts of the circuit. 
Tlius, when the Moon is in conjunction, — or in a line with the 
Sun, as seen from the '.Earth, — the face turned towards us is 
entirely dark ; whilst this same face is brightly illumined, when 
she is in opposition, — or at the point in her orbit most remote 
from the Sun ; and various degrees of this surface are dark or 
luminous, as she moves from one of these points to the other. 
This fact so plainly indicates that she does not shine by her own 
light, but by light reflected from the Sun, that many of the 
ancient astronomers had formed this opinion, in spite of their 
erroneous ideas respecting their relative motions. The cause of 
her various phases , or changing appearances, is very easily under- 
stood. Let s, in the accompanying diagram, represent the Sun, 

^^(j..,.^^ and r the Earth; the 

^^JU^^-^S^i^ outer circle, ahc defg A, 
^ ^ \ around the latter repre- 

^ sents the phases of the 
Moon, as they appear 
to us ; whilst the inner 
circle, iklmnopq^ 
shows her actual state 
in different parts of her 
orbit. By this it will 
be seen, that, whilst that half of the Moon s globe which is 
turned towards the Sun is always illuminated by him, the por^ 
tion of the illuminated face presented to the Earth, is continually 
varying. For, at the conjunction, as seen at ^, her illuminated 
side is entirely turned away from us; and consequently, her 
face is entirely dark, as shown at a. But when she has moved 
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to ly the edge of her enlightened side is turned towards the Earth, 
and thus we see the beautiful appearance, shown at b, which we 
term the new or homed moon,-— 

^^ Dian's brightcrescent, like a silver bow 
New Strang in heaveiu" 

687. When she has advanced to m^ half of her illuminated 
&ce is then presented to the Earth ; and we therefore see her in 
the state in which she is termed half moon, represented at c. 
As she proceeds to n, her enlightened face is still more turned 
towards the Earth ; and she gradually becomes ^ibhotu^ as repre- 
sented at d. And when she has advanced to her opposition, as 
seen at o, the whole of her illuminated face is presented to the 
Earth, and she is then seen at the full, as shown at e. During 
the period of the wcuBing^ or increase, of the enlightened surface, 
the Moon is seen on the east of the Sun, and gradually increases 
her distance from him, until, at the time of opposition, she rises 
about the time that he sets, and comes on the meridian about 
12 hours after him. The edge over which the illumination is 
extending, is at this time directed away ^^rom the sun. The 
same series of phases is presented to us during the Moon's ican- 
ing^ or decrease ; but in a contrary order, as shown 2Xfgh^ until 
the illuminated face is completely vnthdrawn. The Moon is 
then to the west of the Sun, and gradually approaches him, until 
at last her narrowing crescent disappears in his brightness ; its 
points are then directed towards him. When it re-appears on the 
other side, the whole unillumined face may sometimes be distin- 
guished by its faint copper-coloured light ; — ^an appearance com- 
monly known as " the old Moon in the young moon's arms." 
This light is reflected from the Earth, which serves as a large 
and splendid moon to our satellite, and goes through a corres- 
ponding series of phases ; — ^with this difference, however, that 
when the Moon is at full to us, we are invisible to the inhabitants 
of the Moon, in consequence of our enlightened side being turned 
entirely away from them ; and in like manner, at our new moon, 
the Earth is zifull to the inhabitants of our satellite. By'a' little 
consideration, it will be seen that all the Earth^s phases must be, 
to the inhabitants of the Moon, just what her'^s are to us, in the 
opposite part of her orbit 



CHAPTER XXII. 

OP THE NEBULAR HYPOTHESIS. 

G88. The question has been already started, whether the 
peculiar arrangements of our solar system (§. 585), and those 
of the starry universe in general (Chap. XY .), can be attributed 
to any one simple principle ; or, in other words, whether wo 
can, with a fair degree of probability, assign a common origin to 
these and trace their subsequent history. The observations of 
the Astronomer and the reasonings of the Mathematician do seem 
to point to such an explanation ; and a brief account of it will 
be a not inappropriate conclusion to the present volume. But 
it must be clearly understood that it is at present no more than 
a probable hypothesis, — ^that is, a theory which serves to explain 
the phenomena with which we are at present acquainted ; but 
which remains to be confirmed or set aside by the results of 
further inquiries. We may thus illustrate its nature. — Suppose 
a person who had never seen or heard of living vegetation, to be 
placed for a day in the midst of a forest or plantation, and to 
employ himself in the observation of what he saw around him, 
and in reasoning from his observations. He would not fail to 
notice that the objects around him, though manifestly of the same 
kind, are of different sizes and of various degrees of development ; 
and he might discover all the stages intermediate between the 
sprouting seed and the majestic tree. Hence he might not be 
improbably led to the idea of progressive change ; even though 
his period of observation were so short, that he could perceive 
none : and he might reasonably arrive at the conclusion, that the 
objects around him were of a common nature, and that the smaller 
and humbler would gradually expand themselves into those of 
larger and more commanding size. 

oo2 
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689. Now it has been mentioned (§. 539), that the Astro- 
nomer discovers among the almost infinite number of the stars 
'which he surveys, a variety of different appearances ; some pre- 
senting themselves as points of intense brilliancy ; others possess- 
ing, round a luminous nucleus, a slight halo of more diffused 
brightness ; others again having this halo more extensive, and 
the bright nucleus less distinct ; — and a regular series being dis- 
cernible between these, and those patclies of diffused luminous 
matter, in which there is no appearance of any nucleus or ten- 
dency to concentration. It has also been mentioned (§.542) 
that our own Sun is really accompanied by a luminous atmo- 
sphere ; although its extent is not sufficient to allow it to be visible 
from the nearest fixed star ; so that we have no riglit to suppose 
that even the stars which appear most clearly defined, are really 
destitute of it. The idea, therefore, cannot be regarded as impro- 
bable, that all these masses had their origin in the diffused 
nebulous matter, some portions of which still remain visible to 
US ; and that their definite form is gradually acquired by the 
progressive condensation of this, first into a fluid, and then into 
a solid. Such condensation would be the natural result of the 
mutual attraction of its particles, and of their common tendency 
towards the centre of the mass. Now, let it be supposed that 
this is the real origin of all the solid bodies in the universe, and 
let the imagination be united with the reasoning powers, in the 
attempt to ascertain the probable changes, through which any 
such collection of particles would pass, in their progress towards 
consolidation ; — the actual counterpart or representation of efoery 
one of these will be found in the sky. 

690. It is impossible to imagine a stronger probability, short 
of absolute proof, than the h3rpothesis derives from this fact. It 
cannot be regarded as proved^ until the observations of astro- 
nomers upon the condition of these nebulas or nebulous stars, shall 
have shown that a change really takes place. But even though 
this proof should never be obtained, the hypothesis is not the 
less probable; for what is the length of man's life — what the 
duration of all his generations since the commencement of his 
race, compared with those vast periods of time, which Astronomy 
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leads us to consider ? '^ Time and change," it has been well re- 
marked, ^' are great only with reference to the faculties of the 
beings which note them. The insect of an hour, which flutters 
during its transient existence in an atmosphere of perfume, 
would attribute unchanging duration to the beautifal flowers of 
the cistus, whose petals cover the dewy grass but a few hours 
after it has received the lifeless body of the gnat. These 
flowers, could they reflect, might contrast their transitory lives 
with the prolonged existence of their greener neighbours. The 
leaves themselves, counting their brief span by the lapse of a 
few moons, might regard as almost indefinitely extended the 
duration of the common parent of both leaf and flower. The 
lives of individual trees are lost in the continued destruction and 
renovation which take place in forest masses. Forests them- 
selves, starved by the exhaustion of the soil, or consumed by 
fire, succeed each other in slow gradation. These periods again 
merge into other and still longer cycles of geological change, 
which occasions the submersion of the forest, the conversion of 
its living trunks into their stony resemblances, and the subse- 
quent upheaving of these as portions of the continents and 
islands of a new surface.*^^ In the same manner, ^' when the 
birth, the progress, and the history of sidereal systems are con- 
sidered, we require some other unit of time than even that com- 
prehensive one which astronomy has unfolded to our view. 
Minute and almost infinitesimal as is the time which comprises 
the history of our race, compared with that which records the 
history of our system, the space even of this latter period forms 
too limited a standard wherewith to measure the footmarks of 
eternity."* 

691. But does this hypothesis, however applicable to the 
formation of the stars, give an equally satisfactory account of the 
origin of the planetary system ? We do not here see the various 
stages of the formation still going on ; for we know of no planetary 
system but our own, and its production has been long complete. 
But the hypothesis, when pursued into its consequences, does 
afford so complete a solution of those peculiarities in the arrange- 

* Babbago, in Ninth Bridgwater Treatise. 
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ment of our own system, which no other known principle will 
accotint for, that we can scarcely hesitate in recognising it as giving 
us — if not its actual history — at least something very close to it. 

692. The first question is, — ^how a mass of nebulous matter 
would acquire a rotatory moyement. Supposing that it had 
originally a precisely globular form, all its particles would be 
attracted towards its centre; and, as they became condensed, 
their moyement would be in straight lines, which would meet from 
all sides in that one point, so that they would thus all neutralise 
each others' impulses. But if the mass were of irregular form, 
its particles would not be all attracted towards the centre with 
the same force ; they would therefore rush towards it with un- 
equal velocities; those on one side would predominate over 
those of the other ; and by the difference, a rotatory movement 
would be given to the mass, — just as a whirlpool or eddy is 
produced when two streams of water meet and intermingle. 
That the flow of matter from all sides should be so nicely 
balanced, in any case, that the opposite momenta should neutralize 
each other, and produce a condition of central rest^ is, in the 
very nature of things, but a bare possibility. The proheUnlify 
that a rotatory movement will necessarily be given to the nebulous 
mass, in the very commencement of its consolidation, is almoii 
infinitely greater. Thus simply do we account for the first great 
phenomenon of our planetary system, — ^rotation around a centre. 

693. But as the process of condensation goes on, the rotation 
vrill become more rapid. This may be understood from the 
simple consideration, that the particles, which were at first 
passing through a large circle, are gradually brought, by their 
nearer approach to the centre, to pass through a smaller one, 
vrithout any considerable change in their own actual velocity ; 
and that their revolution must therefore be executed in a shorter 
time. With this increase in rapidity, the centrifugal force will 
be also augmented ; and as there is very little cohesion between 
the particles of the mass, the centiifugal force of its outer and 
more rapidly-moving portion, may soon become quite strong 
enough to overcome this, as well as to surpass the force of 
attraction towards the centre of the mass. Hence the outer ring 
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or belt will be thrown off ; just as the outer portioli of the 
grindstone separates from the inner, when it acquires a certain 
velocity (§. 221).' As the condensation proceeds, and the rotation 
of the mass becomes still more rapid, another belt may be detached 
in like manner ; and thus a series of concentric rings may be 
formed around the central nucleus, each retaining the velocity 
which the whole mass possessed at the time of its separation, and 
continuing to revolve about the common centre. 

694. Now these rings will themselves share in the tendency 
to consolidation, by the mutual attraction of the particles of 
nebulous matter of which they are composed. If they should 
be precisely equal in thickness in every part, the solid into which 
they become condensed would retain the form of the ring ; but 
this is a very unlikely occurrence. If on^ part should be thicker 
than the rest, its centre will be the point towards which all the 
matter would be attracted ; and as they are gradually drawn 
towards it,' their forces, being unequally balanced, will produce 
a rotatory motion of the mass into which they become condensed, 
just as in the case first supposed. This mass may itself throw 
off one or more rings, during its consolidation ; and these, on the 
same principles, may either remain as rings, or may be condensed 
into globular masses. Further, it is possible that, instead of 
one predominant centre of attraction, which draws the whole 
matter of the ring towards it> there may be two, three, or 
more such centres, having an equal tendency ; and thus the ring 
may become consolidated, not into one globular mass, but into 
two, three, or more. Whatever ultimate form the ring assumes, 
the solid mass into which it is converted will continue to revolve 
around its original centre, with the velocity which it possessed 
at the time of its separation from the primary mass. 

695, Now upon glancing through our own planetary system, 
we see the precise realisation of these supposed results. For in 
almost every case, the nebulous ring, thrown off from the primary 
mass, has consolidated, as might have been predicted, into a single 
globular mass ; and this, during its consolidation, has (in the case 
of the four largest planets, Jupiter, Saturn, Uranus, and the 
Earth) thrown off one or more rings, which have become separate 
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masses, having a motion of their own. The only exception, in 
the'case of the primary planets, is that of the four small bodies 
revolving between Mars and Jupiter; which, from their near 
resemblance in size and in distance from the sun, may be con- 
sidered, vrith great probability, as having been formed by the 
breaking up of one ring into four distinct portions, owing to the 
cause already mentioned. In the same manner, the rings which 
have been thrown off from the planetary masses during their 
consolidation, have gradually become condensed into globular 
bodies, the satellites, which have a revolution round the primaries, 
as the latter have round the Sun ; and these solid masses, from 
the action of similar causes during their condensation, have a 
movement of rotation on their own centres. One exception only 
exists, and this exception is of the highest interest ; — the ring of 
Sathm. We have here an instance, of the exact realisation of the 
most improbable of the three cases supposed in the preceding 
paragraph. Thus, out of 27 nebulous rings, which (on this 
hypothesis) have been thrown off from different centres during the 
formation of our planetary system, — 8 of these rings having been 
thrown off from the primary mass, and 19 from the secondary,— 
we have one instance of the most improbable case, the formation 
of a solid ring, in the case of a secondary planet ; and one instance 
of the case which is but little more probable, the separation of 
the ring into several distinct masses, occurring, in the case of the 
primary mass ; in all other instances, the matter composing the 
ring has become gradually condensed into a mass of nearly globular 
form, exactly as theory would predict. 

696. There is thus a high probability, that the Sun, together 
with all the Planets and their Satellites that revolve around him, 
have had a common origin in a patch of nebulous matter, similar 
to those which the telescope renders visible to us in the heavens. 
By such an explanation we can account for the revolution of the 
planets and their satellites in the same direction, in orbits nearly 
circular, and having but little inclination to each other, — ^the 
conditions necessary to the general stability of the system 
(§. 585) ; and also for the rotation of the sun and of the 
planets on their own axes. It now remains to be inquired, how 
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far it acconnts for their respective tinm of revolution round the 
centre. The answer to this question has been given^ not long 
since, by a French mathematician ; who calculated, from the 
known period of rotation of the sun upon his axis, and his 
known dimensions, what would have been his period, if he had 
been expanded into a mass extending to the orbit of Mercury ; 
a similar computation was made, for his rate of rotation, suppos- 
ing his mass to extend to the orbit of Venus ; — and so on, for 
the varying sizes which the nebulous mass must have possessed, 
at the time that the different rings were thrown off, which have 
been since themselves consolidated into the planetary bodies. 
He found that there is a correspondence so very close, between 
the period in which each planet actually revolves round the sun, 
and that in which the whole nebular mass was thus estimated 
to have revolved, at the time when the planetary ring was 
thrown off, that it is difficult to suppose their motions to have 
originated in any other way ; and a most interesting confirma- 
tion was thus given to the general doctrine. Indeed it does not 
appear that any higher'confirmation can be looked for. 

697. The nebular hypothesis, then, supposes that there was 
a time when matter existed in no other form, than that of tho 
diffused self-luminous vapour, of whose existence at the present 
time we have sufficient evidence ; and that, from the simple 
property of mutual attraction which the particles of this matter 
possess, its gradual concentration into solid masses commenced ; 
whilst the mode in which this concentration would take place, 
produce the separation of each into smaller masses, having 
independent motions of their own. The particular si2se, number, 
and movements, of the solid bodies produced in each individual 
case, must depend upon the size and form of the nebulous mass 
in which they originated. In our own system, this consolidation 
must have long been almost complete ; we perceive no indications 
that it is still going on ; but it is probable that the luminous 
atmosphere already described (§.542) is gradually becoming 
condensed upon the Sun, and that it is even drawing into itself the 
comets which revolve around it. The same obstruction which 
causes them to approach him more nearly in ever^ revolution, 
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must act also npon the larger masses of our sjrsiem ; and must 
cause them, in a period of almost infinite length, to be drawn 
into his sphere, — thus forming a part of the same mass at the 
period of th^ greatest condensation, as they did when their 
particles were most widely diffused. 

698. The idea of the nebular hypothesis appears to have been 
taken up and prosecuted, at nearly the same time, by 3ir W. 
Herschel and by Laplace; — ^the former, one of the greatest 
astronomical obserrers, and the latter one of the most profound 
mathematicians, that the world has ever seen. In the estimation 
of the former, it derived its evidence from the various appearances 
which the heavens revealed to his penetrating gaze, indicating 
progressive change and formation ; whilst in the mind of the 
latter, it was the result of a train of reasoning of the very highest 
kind, and would probably have been to him little less satisfactory, 
if no evidence of change and progress had been obtained, provided 
the complete results accorded, which they have been shown to 
do. By many persons the nebular hypothesis is looked upon 
with suspicion, as substituting the idea of a self-existent matter 
for that of the Great First Cause ; and Laplace has been stig- 
matised as an atheist for the manner (perhaps too unguarded) in 
which he spoke of the influence of the Deity. But the same 
charge was brought against Newton, when he developed the 
application of the great law of gravitation, to explain the move- 
ments of the heavenly bodies ; and, as we have seen, without 
the least foundation (§. 576). For, after all, the question arises, 
—-whence the nebulous matter .itself — and how did its particles 
become endowed with the property of mutual attraction ? The 
very fact, that, as we look backwards and forwards, there is still 
progressive change^ leads us to perceive, that the present order of 
things has not existed from all eternity^ and that it is not des- 
tined to endure for ever. " If we establish by physical proofs, 
that the first fact which can be traced in the history of the world, 
is, * that there was light,^ we shall still be led, even by our 
natural reason, to suppose that, before this could occur, * God 
said, Let there be light.'" 
; 699* These viewaseem to lead towards a generalization much 
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higher, because more comprehensive, than the principle of gravi- 
tation ; including with it those other fundamental properties of 
matter, the actions of which produce the phenomena which we 
term electrical and chemical, as well as those relating to light 
and heat. A corresponding simplification is taking place in the 
science of physiology, or that which embraces the actions of the 
living beings which people our globe, and which we may reason- 
ably believe to be distributed through every portion of the 
universe, with such modifications as their circumstances may 
require ; and the progress of science leads to the belief that its 
upward aims will terminate, in referring all the phenomena of 
the material universe to one simple and universal principle, — 
the direct expression of the will of the Creator. 

700. " If, then, we can conceive that the same Almighty 
J^^ which created matter out of nothing, impressed upon it one 
simple law, which should regulate the association of its masses 
into systems of almost illimitable extent, controlling their move- 
ments, fixing the times of the commencement and cessation of 
each world, and balancing against each other the perturbing 
influences to which its own actions give rise, — should be the 
cause, not only of the general uniformity, but of the particular 
variety of their conditions, governing the changes in the form 
and structure of each individual globe, protracted through an 
existence of countless centuries, and adjusting the alternation of 
' seasons and times, and months and years,' — should people all 
these worlds with living beings of endless diversity of nature, 
providing for their support, their happiness, their mutual reliance ; 
ordaining their constant decay and succession, not merely as 
individuals but as races, and adapting them in every minute 
particular to the conditions of their dwelling, — and should har- 
monize and blend together all the innumerable multitude of these 
actions, making their very perturbations sources of new powers ; 
— when our knowledge is suffijciently advanced to comprehend 
these things, then shall we be led to a far higher and nobler 
conception of the Divine mind, than we have at present the 
means of forming. But, even then, how infinitely short of the 
reality will be any view that our limited comprehension can 
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attain ! seeing, as we ever must in this life, ^ as throngh a glass, 
darkly ;'— how muck will remain to be revealed to us in that 
glorious future, when the light of Truth shall burst upon us in 
unclouded lustre, but when our mortal vision shall be purified 
and strengthened, so as to sustain its dazzling brilliancy ! " * 

701. Of the destiny of Man, in that nobler state of existence 
to which reason and revelation alike point, we know nothing, but 
have abundant field for roost delightful speculation. It is well 
that every one is left to form his own conception of it ; and 
however elevated that conception, however exalted his imagina^ 
tion, we know that the reality will far transcend it, being such 
as ^^ eye hath not seen, nor ear heard, nor hath it entered into 
the heart of man to conceive." As the purest intellectual plea- 
sure of which the mind of man is susceptible in this state of 
being, is derived from the contemplation of the power and 
wisdom displayed in the Creators works, — and as his purest 
moral happiness is derived from the contemplation of that good- 
ness which is manifested with equal universality and perfection, -« 
we cannot be wrong in the belief that a great part, at least, of 
the happiness of a future life, shall consist in the more extended 
survey, which our nobler faculties and our purified feelings will 
permit us to take, of the grand scheme of Creation, and in the 
gradual approach towards the perfections of the Creator, which we 
shall thus be enabled to make. Things which at present appear 
devoid of expression, shall speak to us of Him ; those which we 
now look upon through the mists of doubt and ignorance, or the 
darkness of error, shall then present themselves in the effulgence 
of His glorious brightness ; and those which have led our finite 
understandings to some faint comprehension of His infinite 
greatness, or which have caused our hearts to expand in the 
contemplation of His perfect goodness, shall then be regarded 
by us with a yet deeper and higher interest, as the instruments 
by which the Creator deigned to lead our minds towards Him- 
self, — the forms in which he clothed those attributes, that our 
present gross apprehension cannot otherwise receive, — the mate- 
rial types of that spirituality, which, however apparently various 

* Principles of General and Comparative Pb^siologj, §• 745. 
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in its operations, is One in its essence, and One in its design. 
To the inspired bard, in ages long gone by, did '' the heavens 
declare the glory of God^ and the firmament show forth His handi- 
work." How much more do they now reveal it to the philoso- 
pher, who, by the study of their laws, has learned something of 
His infinite wisdom. How much more tcill they reveal it, when 
all the barriers that now obstruct the progress of the mind of 
man shall be removed, and when, instead of a limited existence 
of *' threescore years and ten/' Eternity shall be the scope of his 
researches ! 



Open your lips, ye wonderful and fair ! 



Speak, speak ! the mygteries of those living worlds 

Unfold ! — No language ? Everlasting light. 

And everlasting silence ? — ^Yet the eye 

May read and understand. The hand of God 

Has written legibly what man may know, 

Thb Glory of the Maker. There it shines, 

Ineffable, unchangeable ; and Man, 

Bound to the surface of this pigmy globe, 

May know and ask no more. In other days. 

When death shall give th' encumbered spirit wings, 

Its range shall be extended ; it shall roam. 

Perchance, among those vast mysterious spheres 

Shall pass from orb to orb, and dwell in each, 

Familiar with its children,— learn their laws, 

And share their state, and study and adore 

The infinite varieties of bliss 

And beauty, hy the hand Divine, 

Lavished on all its works. Eternity 

Shall thus roll on with ever fresh delight ; 

No pause of pleasure or improvement ; world 

On world still opening to the instructed mind, 

An nnezhausted universe, and time 

But adding to its glories. While thesoul, 

Advancing ever to the source of light 

And all perfection, lives, adores, and reigns 

In cloudless knowledge, purity, and bliss. 

Rev. H. Ware. 
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of, 290 ; tfafrd order, examples of, 
292 ; compound, power of, 296 ; 
bearing of weighu by, 297, 298; 
action of, when power applied 
obliquely, 299 

— application of, to balaooe, 309-321 

— bent, 300; applications of, 801-305 

— appUcatlM of, in arank, 306 

Light, time required for transmission of, 516, 
622, 628 
-— aberration of, 623 
Light bodies, ascent of, 97, 98, 253 
Liquefaction of solids, 9; of gases, 13 
Liquids, 5, 14, ; compressibility of, 7 ; attrac- 
tion of; fbr gases, 36^9 ; elasticity of; 58 ; 
attraction of, by the earth, 94 ; curred sur- 
tice of, 94, 459 
Longitude, 481 ; determination o^ ;488-493: 

length of degree of, 494 
Lunar obserrations, 498 



Mablstiom, 219 
Magellanic clouds, 535, 643 
Mcgnitudes, apparent, of stars, 508, 509 

— real, of stars, 516 
Mainspring of watch, 389 
Maintaining power. 401 
Malleability of metals, 68-75 
Malleable iron, change of texture in, 22 
MaI]et,actionof, 233 
Marriotte's law of elasticity of gases, 67 
Mare, apparent motions of, 562 ; dimensions, 

constitution, and motions of, 604, 605' 
Materials, strength of, 76-87 
Matter, genera] ideas of, 8-4; diflbront forms 

of; 5-14 
Mean time, 439, 433 
Measure, standard of, 278; French, 279; 

English, 280, 283 
Mechanical powers, 285* 
Menai bridge, 129 

Mercury, ^parent motions of, 550, 551; 
tnuaiu of, 513, 561; appearances and 
dimensions of, 593, 594 
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Mercarj, eongeUUon of, 10 ; repultion of glaat 
by, 31 

Mercurial pendulum, 269, 433 

Meridian, 466, 476, 481 

Metala. elasticity of, 59-64 ; ductility of, 65- 
67 ; malleability of, 68-70 ; tempering of, 
71-76 

Micrometer<«erew, 377 

Milky-way, 507, 508, 511, 515 

Mill-stones, centrifugal force of, 320 

Moir^ metallique, 23 

Momentum, 177-179 

Monads, 46 

Moon, sise of, 601 ; telescopic appearance of, 
670, 671 i rotation of, 674 { distance from 
the Earth of, 601 ; apparent motion of, 455, 
456 ; revolutioa round the Earth, 672, 673 ; 
attraction of, by the Earth. 573, 575 ; dia- 
turbance of motion, by Sun's attraction, 583 ; 
attraction for the Earthy 603 ; eclipses of, 
679 ; eclipse of Sua by, 676* 678 ; influence 
of, on tides, 681-685 ; phases of, 686, 687 

Moons^— See 8ai«Uitei. 

Moore's pulley, 361, 353 

Motion, continuance of, 140 ; in straight line, 
158 ; in curved lines, 168-173 

— laws of, first, 147 ; second, 160 ; third, 

175 

— in straight line, 158 ; in curved lina, 

168-173 

— rate of, uniform, 156; accelerated, 

156; retarded, 157 
Mould, vegetable, spread of, 49 

Nails, tenacity of, 364 

Navigation, practice of, 493 

Neap-tides, 683 

NebulsB, 534-538, 540, 541 

Nebulous matter, 539 ; consolidation of, 692, 
697 

Nebulous stars, 542, 689 

Nebular hypothesis, 688-701 

Neutral line, of wooden beams, 80; of cylin- 
ders, 13 ; of iron beams, 85 

Newton, Sir X, bis explanation of the pla- 
netary movements, 570, 571 ; discovery of 
gravitation, 672-575 

Nodes, of the FlaneU' orbits. 561 

— the Moon's, revolutions of, 680 
Noon, how ascertained, 486, 659 
Nut of screw, 370, 371 

Oil, diminuti«m of friction by, 387 
Oil-mill, use of wedges in, 367 
Orion, constellation, 601 ; nebula in, 538 
Oscillation, centre of, 270-278, 280, 281 
Overshot wheel, 327, 328 

Pallas, 612 



^er to the paragraphe. 

Parallax, 612; of the planets, 518; of the 

stars, 514, 515 
Parallel of latitudo, 481 
Pendulum, action of^ 254-266; law of, 257 ;- 
cycloidal, 266, 266 ; isochnminn 
of, 257, 266 ; proportion of time 
to length, 367, 868; applica. 
'tloQ of, to clocks, 276, 276. 398 

— seconds, length of, 277, 283 

— oompensation, 269,422-486 

— ballisUc, 336 
Penumbra, 676 
Percussion, centre of. 235, 886 
Periodic revolution of the Moon, 673 
Periodical stars, 517-522 
Permanrace of motion, 145, 1 46 
Perturbations, 570.585, 666, 678 
Peter the Great, pedestal of statue of, 389 
Phases of the Moon, 686, 687 

— of Venus, 553, 554 
Pinion, 336; combination of with wheels, 

338, 339 
Pipe-clay, elasticity of, 62 
Plane, inclined. — See /neiined Plane, 
Pltmett, 457; inferior and superior, 549; 
apparent motions of, 549-556; direct and 
retrograde motions, 550 ; attraction of, for 
the Sun, 583 ; for each other, 581 ; com- 
parative sixes of, 635 
Platinum, attraction of for mercury, 24, 31 
Pole star, 453 ; determination of latitude by, 

461, 471 ; Ranged position of, 666 
Press, printing, 301 ; Stanhope, 808, 303 
— • Columbian, 305 

— inclined plane, 362 

— screw, 371-373 
Puff-bRll, number and minutaness of iu 

germs, 49 
Pulley, 342 ; movable, 348 ; Moore's, 351,368 
Pulleys, systems of, 345; with intarrupted 

rope, 346,347; with continuous rope, 348-350 
Pulley, fast and loose, 333 

Quadrant, 474, 475 

Radius of gyration, 232 

Railway, centrifugal, 222 

Railway-train, motion of, 148-152, 200, 801 

Ratchet-wheel, 401 

Recoil of fire-arms, 186 

Recoil-escapement, 417. 418 

Refraction, influence of. on apparent place of 

heavenly bodies. 470 
Regulation of clocks, 267 ; of watches, 404, 4 1 8 
Repulsive power of heat, 16, 16 
Resistance, sense of, produced by all forms of 
matter, 3 

— ofair, 98, 141.143 

— of soft bodies. 190 

pp2 
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Resiitaaee to eztratioD, 65| 78 ; to oompres- 

sioD, 77, 78 
ResisUnf mediam, 642, 663, 097 
ReiolaUon of forces, 174 
Resultant. 163, 168 
Retarded motioD, 157, 250 
Rice-mill, 808 
Ring, centre of graTity of, 115; rotation of, 

227 
— Saturn*!, 626-629; probable origin of, 

695 
Ro<^ luspeniion, 131 
Rope-dancer, balancing of, 113 
Rotation, round axis, principles of, 226-331 

— of the Earth, 496-499 ; of the Sun 

and planets in general, 499; 
probable cause of, 692-695 

— axis of spontaneous, 234 
Rupert's drops, 72 

Satilutib, attraction of, by the Sun, 682 

— of Jupiter. 617-622 

— of Saturn, 630 

— of Uranus, 633 

Saturn, 624.630 ; his ring, 627-629 ; his sate^ 
lites, 630 

Screw, derired flrom inclined plane, 368, 369 ; 
its principle of action, 870 ; application of, 
to presses, 371-373; endless, 374 ; double, 
376, 376 ; micrometer, 877 ; other applica- 
tions of, 878, 879 

Seasons, explanation of, 660-664 

Seconds pendulum, length of, 277-283 

Set of particles, 62, 64 

Settlement, 79 

Ship, raised by wedges, 866 ; launchfaig of, 886 

Sidereal day, 464 
— year, 654 

Siliceous covering of animalcules, 47, 48 

Silkworm's thread, 44 

Sirius, sise of, 516 ; changed aspect of, 530 

Sizes, comparatiye, of the planets, 636 

Sling, action of the, 210 

Soap-bubbles, thickness of, 60 

Solar day, 454 ; Tariation of, 656, 657 

Solid bodies, incompressibility of, 6 ; lique- 
faction of, 9; expansion of, by heat, 9 ; at- 
traction of, for liquids, 24'd2 ; for solids, 33- 
36 ; elasticity of, 68-64 

Solidifcation of liquids, 10) of carbonic 
acid, 13 

Solstices, 663 \ 

Solution, 25 

Span of timber bridges, 79 ; of iron bridges, 
78 ; of suspension bridges, 129 

Spider, formation of thread, 44 
— diving, 34 

Sponge, attraction of, for moisture*, 35 

Spontaneous rotation, axis of, 434 



Spots on the Sun, 591 

Spring, main, of watch, 399 ; equalisation of 
its power, 400 

— balanop, of watch, 403 
Spring-tides, 683 

Stability of equilibrium, 107-1 14 ; of firame^ 
work, 123-126 ; of arches, 182-139 

— of solar system, 584, 585 
Stamping of coins, ftcIT 69 
Stanhope press,' 302, 303 

Starg, apparent motion of, 453 ; change of 
place in, by change of position of the Earth, 
461-465 ; arrangement of, into constella- 
tions, 500-602 ; real proximity of, not to be 
inferred from apparent neighbourhood, 
503, 604 ; arrangement of, in our duster, 
510. Ml 

8tmr*t have no apparent diameter, 505 ; num- 
ber of, 506, 507 ; magnitudes of, 508, 509 ; 
parallax of, 514, 615 ; least distanees o( 
616; actual sixes of, 616 

Stars, double, 524-531 ; binary, 526-531 ; mo- 
tions of, 526-528; colours of, 530, 631; 
triple, 532 ; motions of, dependent on gra- 
vitation, 686, 687 

StarBt periodical and oecaaional, 517-522 

^orM, aggregation of, in dusters, 634-537 ; 
proper motion of, 633 

Steel, cutting of, by soft iron, 179 ; tempering 
of, 74 

Steel-yard, 318 

Stone, resisting power of, 77, 79 

Strains, effect of, 67, 79 

Strength of materials, 76-87 

— form of greatest, for wooden beams, 

80-82, 84 ; for cylinders, 83 ; for 
iron beams, 85-87 
Striking-train, of docks, 415, 439-446; of 

watches, 447-449 
String, elastidly of, 187-189 
Strove, Prof., his catalogue of binary stars, 

529 ; hia discovery of triple stars, 532 
Sulphur, crystallisation of, 17 
Sim, apparent motion of, 456, 456, 547, 648 ; 

determination of latitude by. 472, 473 ; 

changes of place of, 583 ; dimensions of, 

690; spots on, 591 ; probable constitutioa 

of, 692 
Suspension of partides in fluids, 48 

— centre of, 270, 277, 280, 281 

— bridges, 129, 130 

— roofb, 131 

Synodic revolution of the Moon, 673 
Systems of pulleys— See PuUey. 

Tafp, bridge over the, 138 
Teeth of wheels, 334, 835 
Telltts.— See Batth 
Tempering of steel, 74 
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Tenacity of wirei, 65, 66 ; of materialB, 77, 78 
Threads of gold and silver, 58 
Thrust, of arch, 137 

Tides, 681-685 ; comparative influence of Sun 
and Moon on, 683 ; peculiarities of, 684, 
685 
Tide-wave, progress of, 684 
Tilt-hammer, 237 
Timber, strength of, 77, 78 

— bridges,78, 125, 367 
TVme, early division of, 391-393; first instru- 
ments for measuring, 394-396; de- 
termination of, by transit-instrument, 
483-486 ; by sun-dial, 659 

— change of, by change of place on the 

Earth's surface, 465, 481, 482 

— equation of, 486, 657-659 

— idea o( on what founded, 690 
Tools, fixing of, in handles, 155 
Torsion, 60 ; elasticity of, 61 
Torsion- balance, 63 

Train of wheels and pinions, 338, 339 ; of 
watch work, 411, 412; of clock, 416; strik- 
ing, 439 

Transit of Mercury uid Venus, 513, 561 

Transit-faastrument, 483-486 

Triple stars, 532 

Tripoli, 47 

Tropics of Cancer and Capricorn, 662, 663 

Tropical year, 665 

Tyeho Brahe, 519, 555 

Umdir-shot wheel, 827, 328 
Uranus, 631-634; his satellites, 683 

Vaporization, 9 

Vapours, 6, 18 

Velocity acquired by (Uling bodies, 240-245 
— by descent along inclined 

planes and curves, 259, 262 

Venutf apparent motions of, 550, 551 ; phases 
of, 553, 554 ; transits of, 513, 561 ; appear- 
ance and constitution of, 595-598 

Verge escapement, 406 

Vessel, motion of, 175 ; momentum of, 186 

Vesta, 608 



Voussoirsof arch, 132, 136 

Warb, Rev. H., quoted firom, 516,522,546, 
701 

Watch, 397 ; vertical, 406 ; general arrange- 
ment of, 409-414 ; train of, 411 ; regulation 
of, 404, 413 ; escapements of, 426-429 

Water, raising of, by centrifugal force, 217, 
218 ; eddies in, 219, 692 

Water-wheels, 327, 328 

Wearing away of solid bodies, 56 

Wetlge, principle of the, 363; infiuence of 
friction on, 364 ; effects of impact on, 365; 
applications of, 366, 367 

Weighing.— See Balance 

Weighing-machine, 320, 321 

Weight or downward pressure, 88, 92 

— of the atmo- 

sphere, 97 

Weight of bodies, different at poles and 
equator, 96 

Weights, carrying of, on lever, S97, 298 

Wetting of solids with liquids, 24, 31 

Wheel and axle, 322, 323 ; various forms of, 
324 ; Chinese, 325, 326 

Wheels and axles, succession of, 330-332 

Wheels, toothed, 334, ^5; combination of 
with pinions, 336, 340 
— bevelled and crown, 341 

Whirling Uble, 213 

Whirlpools, 219 

White's system of pulleys, 850 

Wings of insecU, thickness of, 50 

Wire rope, 66 

Wires, fineness of, 52 ; tenacity of, 65, 66 

Wood, strength of as material, 77, 78 

Wooden bridges, 78, 125, 367 

Ybar, sidereal, length of, 655 
— tropical, length of, 665 ; division of into 
months, 666 

Zbnith, 470, 471 
Zinc, malleability of, 68 
Zodiac, signs of, 547 
Zodiacal light, 542 



THE END. 
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24, REGENT STREET, LONDON. 



CARPENTER AND WESTLEY*S IMPROVED PHANTASMAGORIA 

LANTERN. 

This Lantern has been so much improved, and is used with such increased faftility, that it 
may be recommended with the greatest confidence, as being the best that is made, giving a 
peifectly-defined figure, with a brilliant and well-illuminated field of view, from 6 to 14 feet 
in diameter. Combined with the copper-plate Sliders, it presents a novel and delightfiil 
mode of instruction and amusement. To Infant Schools, Publtc Skminariks, Mk- 
chanics'Institutks, dec, it offers peculiar advantages, and is extensively used by the Con> 
ductors of these institutions, in aiding tiie progress of Education. The Natural History and 
Astronomical Diagrams are painted in the very best style, and can be depended upon for 
accuracy and fidelity, and, with the Dissolving Views, are veiy popular. 



£ i. d. 

No. 1 Carpenter and Westley's improved Phantasmagoria Lantern, with ' 
Patent Argand Lamp and Spring Slider Holder, with Book in a Box 
(the Condensers 2|m. Diameter) 2 12 6 

No. 1 A. Ditto as above, with addition of a Microscope and 6 Sliders, and an 
Aquatic Slider for exhibiting Transparent Objects in the same 
manner as the Hydro-Oxygen Microscope. The whole in a Box . 4 4 

No. 2 Carpenter and Westley's improved Phantasmagoria of larger Size than 
the above, with extra large Lenses, &c., (the Condensers Sft bi. 
Diameter) 440 

No. 2 A. Ditto as above, with a Microscope, same as No. 1 A 6 16 6 

N.B. These No. 2 Lanterns are especiaUy adapted/or the Astronomical 
Diagrams, and the Dissolving Views ; and are particularly recom- 
mended for these purposes. 



COPPER-PLATE SLIDERS FOR THE ABOVE LANTERNS. 
A Set of NATURAL HISTORY comprised in 66 Sliders, as follows:— 



Mammalia, 


in 


24 


Sliders 


Birds, 


in 


7 


ditto 


Fish, 


in 


5 


ditto 


Reptiles, 


in 


4 


ditto 


Insects, 


in 


8 


ditto 


Vermes, &c., 


in 


8 


ditto 



hs. each Slider, if less than a \ io io n 

Dozen, or the whole in a Box / * • ^^ i^ u 



A Set of Ancient and Modem Costumes in 62 Sliders, is. 6d. each Slider, or the 

wh<^e in a Box 14 

* A Set of Superior Botanical Diagrams in 14 Sliders, packed in a Box, with 

Compendium 3 17 

* A Set of Scriptural Illustrations fh>m the Old and New Testament m 12 Sliders, 

in a Box 3 12 

A Set of Humorous Subjects in 12 Sliders, is. fid. each, or the whole 2 14 

« A Set of Views of Public Buildings, &c., in 4 Sliders . . .10 

N.B. The whole of the above are from Copper-plate Outlines, 

* An improved Set of Astronomical Diagrams in 11 Sliders (3 of which are mov- 

able), with Book, in a Box 2 6 

* A Superior Set of . ditto in Mahogany Sliders (4 of which are 

movable), with Book in a Box 3 6 

A Set of Nine movable Astronomical Sliders, the motion produced by Rack- 
work, firom 10s. to 18s. each, or the whole in a Box with a Lock . 5 10 

't' A Set of Constellations in 6 Sliders 170 

Movable Views, with Shipping, dec, eadi from 10s. to .... 18 

Circular Paintings for Dissolving Views, a great variety, each f^om 9s. io. 18 

Comic and amusing Movable Sliders, 160 Subjects, each ttom 4#. 6d. to . 10 

Leverand Hackwork Comic Sliders, firom lOf. to 16 

N.B, Those Sets marked unth an Asterisk are never separated. 

DIAGRAMS, TO ILLUSTRATE ANY OTHER SUBJECT, PAINTED 

TO ORDER. 



CARPENTER AND WESTLEY'S 

LIST OF MOVABLE 

ASTRONOMICAL DIAGRAMS, 

THE MOTION PRODUCED BT RA.CKWOBK. 



No. 1.— The Solar System, shewing the Revolution of all the Planets, with their Satellites, 
round the Sun. 

No. 2.— The Earth's Annual Motion round the Sun, shewing the PanUelism of its Axis, 
thereby produdng the Seasons. 

No. 3.— This Diagram fflustrates the cause of Spring and Neap Tides, and shows the 
Moon's Phases, during its rerolution. 

No. 4.— Tliis Diagram illustrates the Apparent Dhrect and Retrograde Motion of Yenui or 
Mercury ; and also its Stationary Appearance. 

No. 5.— A Diagram to prove the Earth's Rotundity. 

No. d— TUs Diagram illustrates the Eccentric Revolution of a Comet roimd the Snn, and 
shews the appearance of its TaU at different points of its Orbit. 

No. 7.— The Diurnal Motion of the Earth, shewing the Rising and Setting of the Snn, 
illustrating the cause of Day and Night, by the Earth's Rotation upon its own Axis. 

No. 8.— This Diagram illustrates the Annual Motion of the Earth round the Sun, with the 
Monthly Lunations of the Moon. 

No. 9.—This Diagram shows the various Eclipses of the Sun, with the Transit of Yenus. 

The above are from 10*. each to 18*. each ; or the Set complete, in a Bom, 

mth Lock, £5 10*. 



A LIST OF DIAGRAMS 

CONTAINXD IN THK 8BT OF 

ASTRONOMICAL SLIDERS. 



No. 8LIDBR I. 

1. System of Ptolemy. 

2. Copernicus. 

3 Tycho Brahe. 

4. Newton. 



SLIDKR II. 

fi. Telescopic View of the Moon. 

6. — Juj^ter. 

7. — Saturn. 

8LIDSR III. 

8. Comparative sizes of the Planets. 

9. Comparative distances of the Planets. 
10. Orbit of a Gomel 

IL J*he Comet of 1811. 

BLISaR IV. 

12. Signs of the Zodiac. 

13. Inclination of the Planets' orbits. 

14. Direct and Retrograde motion. 

BLiDBRv. (movable.) 

15. Rotundity of the Earth. 



No. aUDBR VI. 

16. The Seasons. 

17. Phases of the Moon. 

18. The Earth's Shadow. 



SLIDKR Vll. 

]^. Cause of the Sun's edipse. 
"" Moon's do. 



20. 



21. Inclination of the Moon's orbit. 

8LIDSR VIII. (movable.) 

22. Edipse of the Sun. 

SLIDKR Dr. (movable,) 

23. Eclipse of the Moon. 

SLIDKR X. 

24. Spring Tide at New Moon. 
26. Fun Moon. 

26. Neap Tide. 

SLIDKR XL 

27. The Constellation Orion. 

28. Ursa Major. 

29. Various Nebulae. 

30. A Portion of the Millcy Way. 
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ft CYCLOPEDIA OF NATURAL SCIENCE. 3 

ordinary e^,^ «oe as purts of the system— as the first rounds of that inteUectnal 
ladder by wtUch tiiey aspire to scale the loftier heights of philoso]phy/' has been 
well described as a common error among those who undertake to direct the study 
of Natural Science. This error will be especially guarded against in the present 
series ; its conductors deeminj^ a certain amount of diSViseness, which may b6 
thereby incurred, a far less evil than that frigid conciseness which is so repuJaive 
to the beginner, tiiough of #alue to the advanced student 

Each of the Trpitisea will be distinct in itself, but thep wiU all form parts c/ 
one general plans bo that a considerable degree of connection may exist between 
them, and harmony be maintained throughout. In every department, care will be 
taken to give the latest views attained at the time of its preparation, provided these 
ippear well founded ; and to embody as many facts of striking interest as may be 
possible, so as to furnish entertainment as well as instruction ; but great pains wiU 
t)e taken to exclude every thing which it might be afterwards desirable to unlearn. 

The high position in the scientific world of the gentleman to whom its execution 
las been^nfided, affords the best guarantee that the whole work will be completed 
n a manner wortiiy of its importance ; and the Publishers refer, with much satis- 
action, to the Treatises on VEGETABLE PHYSIOLOGY and BOTANY, 
dready published, and forming Parts I. and II. of the series. 

It is intended that the subjects shall be distributed under the following headsy 
brming, in the whole, nine volumes. The series will be concluded with a volume 
m. Natubu^ Theologt, in which reference will be made to the facts contained in 
he previous treatises^ • 



tfECHANics— Astronomy — Hydrostatics 
— Hydraolics — Pneumatics. 

iouND — Hut — Light •— Elibctricity 
— Magnbtism. 



Chemistry, ANDiTs ApplicjiTions tothb Aavs. 
Mineralogy — Gbolooy. 
Vbobtablr Physiology — Botany. 
Zoology — Animal Physiology. 



Habits and Instincts or Animals. 

The above will be the arrangement of the series, when complete, with General 
Htles and Indexes ; but circumstances render it expedient to vary the order of 
ublication. The Volume on Veobtable Phtsioloot and Botany was produced 
rsty there being a peculiar want of an Elementary Treatise on those sdences, and 
1^ as being piurticularly adapted to exhibit the general character of the whole 
rork. 



ART I.— VEGETABLE PHYSIOLOGY. 
IL^BOTANY. 



PARTm—MBCHANICAL FHILOSOfHY. 
lY ^HOROLOGY and AfiTBONOMY. 



ire now ready ; and the following Treatises will be produced during the present 

Bar, viz. : — 

PART y— ANIMAL PHYSIOLOGY, JulySOth. 
Part VI.— ANIMAL PHYSIOLOGY, September aoth. 
Fart Vn.—HYDROSTATICS, December 90th. 

It may be necessary to announce, that the Volumes will be as nearly as possible 
r an average number of pages ; but the extent and price of each Part will be 
ovemed by circumstances : uius the importance of the present volume have led 
> more ^fifuseness than will be required in some of the future Treatises, and a 
)iTesponding increase in price sufficient to cover the additional outlay has become 
ecessary. 

To all Persons engaged in Teaching ; to the Heads of Schools and CoUO' 
iate Institutions ; the Publishers confidently recommend these TreaHses (u 
ninently adapted for doss-books. 



LONDON : 
PUBLISHED BY W. S. ORB akd Co., PATERNOSTER ROW; 

W. 6t R. CHAMBERS, EDINBURGH ; AND OURRY « CO., DUBLIN. 



In Ten Fo2v., Super»roffal Bvo, pries £7» lOs. ehtht and £ 

THE BRITISH CYCLOP Jit .i ' 

*- • ■ 

Of THE 

ARTS, SCIENCES, tITERAtURE, GEOGRAPHY, NATURAL HISTORY 

AND BIOGRAPHY. 

The Division of the Work into Four Sections, was Adopted as a more natu 

arranftem^it of subjects ; and for the accommodation of piirchaacrs whose taste 

' pursmtB might render the whole work unnecessary. In its present fwrn, ea^ 

Division forms a cooq[iiete Work on branches of kxiowledge closely and natmi 

connected together. 



FIRST DIVISION— ilrte and Science*. 
Containing articles on all branches of Natnral 
and Experimental Philosophy : Anatomy, Medi- 
cine, Ghemistey, Fine Arts, and Manufactures ; 
the latter drawn, in most instances, f^om the expe- 
• rienoe of the workshop. In two large 8vo volumes, 
with upwards of Six Hundred Woodcuts and 
Fifty Steel Plates. Price VOs. doth, and 348. 
half-bound morocco. 

SECOND DIVISION—£itera<«r€, Geoffraphp, 
and History. 
Containing in its various articles a complete 
History of the Human Species, Description of the 
Surface of the Earth, the Progress of Geographi- 
cal Discovery, and an Epitome and History of 
the most rare and valuable Literary productions. 
In three volumes, royal 8vo, with about One 
TfKnuand Vigntttee, and Sixty-three Maps of 
Countries and Plans of Cities. Price dEi2. 6s. 
doth lettered, and £2. lOs. half-boond moroeca. ' 



THIRD DIVISION— JTotimtf Hi#(^.v 

Forming a complete system of Katuzal Histo; 
in which the productions of Nature are tree: 
of, both in their general rehitions and in (.':< 
detaib ; by well-known writers on ttie vari i 
branches of Natural History. In three vohuii. 
royal 8vo. Price jff9. 5s. d. lettered, «lid £2. i' 
hcJf-bound morocco. Hlnstrated by about Fi 
Hundred Vignettes, engraved on Woo*!, j 
Fifty Etchings on Sted, by Mr. Thomas La. di«i 

FOURTH DIVIBION— JW09ra)A.r 

Forming a complete Bimnraphical Dicti )ni' 
in two large 8vo volumes, muatzsted with \ivz 
rous Portraits, Residenees, and Menum'^i' 
drawn on Wood by Mr. T. Laadseer. Wi; 
Memoir, suited in enent to the importanK 
the Bubjeet, of every person of eminenoa, auii. 
or modem, compiled with the utmost care : tl ' 
points being most prominent jdiidi mark :l 
natural chameter of the indivialal undar oi 
sideration. 



DOWER'S ATLASES. 

«)^* The attention of Heads of Families and Schools is especially «tfled to the foUo«| 
Series of Atlases, which wiU be found, in fullneas of detail, coriucctnb68, and nbatnbss of s 
cuTioir to 8urpa08, while in the Prices they are ffifinitely bdow, any similar puUications. 



In royal 4to, price One Guinea, half-bound roan, for Schools ; or for the Libnry, 

Twenty-five Shillings, half-bound, russia, 

A GENERAL ATLAS OF MODERN GEOGRAPHY, 

Comprised in Fifty Maps full Coloured, and a View of the comparative heigli: 
Mountains and length of Rivers coloured, so as to indicate the Quarters of the World 
which they occur. With a otpious consulting Index of many Tboosand Places, with .it 
latitude and longitude. 

In royal 8vo, price 128., half-bound and coloured, 

A SCHOOL ATLAS OF MODERN GEOGRAPHY, 

Containing Thirty-six Maps of the Hemispheres, Quarters of the Globe, and the G 
Countries. With a copious consulting Index. • 

In royal 8vo, price 7s. 6d, h&lf-boond and coloured| 

THE MINOR SCHOOL ATLAS, 

Containing Twenty-one Maps of the Hemispheres, Quarters, and the more import 
Countries and Provmces in the World. With a consulting Index of many Thonaand Nan 

In royal 8vb, price 5s., half-bound and coloured, 

A SHORT ATLAS OF MODERN GEOGRAPHY, 

Containing Twelve Mftps of the Hemispheres, Quarters of the World^aoif Countries 
Provinces suited for th« ¥oung to be first acquainted with. 
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